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ABSTRACT
Soy curd prepared from soymilk extracted from Lee-74 variety of 
soybeans was incorporated in the proportions of 1:3, 1:2 and 1:1 with 
cow's milk curd in the preparation of three cheese-type products, Cheese 
I, II and III, respectively. During ripening periods of six weeks at 
4.4°C and three weeks at 29.4°C, aliquots of each of the three kinds of 
cheese were removed from storage at weekly intervals and analyzed for:
(a) .eight chemical parameters, moisture, fat, titratable acidity, pH, 
sodium chloride, total protein, water soluble protein and dry matter;
(b) eleven free fatty acids, acetic, propionic, n-butyric, n-valeric, 
caproic, caprylic, capric, lauric, myristic, palmitic and stearic; and
(c) ammonia and thirteen free amino acids, alanine, aspartic acid, cys­
tine, glutamic acid, isoleucine, leucine, lysine, methionine, phenylala­
nine, proline, serine, tyrosine and valine.
Aliquots of each cheese were organoleptically evaluated weekly 
during the ripening periods for product acceptability associated with 
fifteen sensory attributes, general appearance, color, odor, smoothness, 
firmness, elasticity, graininess, mouthfeel, cheese flavor, beany flavor 
rancidity, acidity, bitterness, saltiness and spreadability. The evalu­
ations were made by two sensory panels: Panel I was composed of five 
Iranian LSU students who were familiar with the traditional characteris­
tics of Iranian white pickled cheese. Panel II was composed of five Arne 
rican LSU students majoring in Food Science.
The sensory data were subjected to standard analyses of variance to
evaluate the effects on fifteen organoleptic acceptability ratings of 
soy cheese of: three levels of soy curd in the cheese, two levels of 
temperature used in ripening the cheese, seven periods of elapsed 
time during storage at 4.4°C and four periods at 29.4°C, and two 
groups of judges.
Two matrices of correlation coefficients were computed. One con­
tained values for each of the 496 possible pairs of relationships 
among the 32 chemical parameters. The other contained, for each of 
the two panels of judges, 480 correlations representing all possible 
combinations of 32 chemical parameters with 15 organoleptic attributes 
of soy cheese.
Generally, as the proportion of soy curd in the cheese increased, 
the analytical values for most of the chemical parameters decreased; 
however, values for moisture, pH, methionine and valine increased.
The content (dry-weight basis) of fat, sodium chloride, total 
protein, total solids and proline in soy cheese were not affected 
during storage by increasing the temperature from 4.4° to 29.4°C, but 
the rates of production during the storage periods of the other twenty- 
eight chemical parameters were accelerated to varying degrees in 
seventy-nine of eighty-four instances. In general, the greater the 
proportion of soy curd in the cheese, the more stable was the cheese to 
the accelerating effects of elevated temperature.
According to the overall mean hedonic scores for each of the fif­
teen sensory attributes, the three soy cheese products were found to be 
organoleptically acceptable. Results of the analysis of variance of the 
sensory data indicated:
x
(1) The mean scores of Panel I were slightly higher than those of 
Panel II for each of the fifteen attributes but none of the dif­
ferences was significant.
(2) Significantly associated with increased soy curd content were 
lower hedonic scores for general appearance, color, odor, smooth­
ness, firmness, mouthfeel, cheese flavor, beany flavor, rancidity 
and acidity.
(3) Significantly associated with elevated storage temperature were 
lowere hedonic scores for odor, elasticity, mouthfeel, cheese 
flavor, rancidity, acidity and bitterness.
(4) There were significant differences with respect to the effects of 
elapsed storage time on the preferences of the two panels regarding 
general appearance, odor, smoothness, firmness, graininess, mouth­
feel, cheese flavor, beany flavor, rancidity, saltiness and spread- 
abiiity. In general, Panel II preferred the organoleptic qualities 
of fresh soy cheese whereas Panel I preferred the qualities of 
cheese that had been stored for a few weeks.
xi
INTRODUCTION
The soybean with its high protein content and good protein 
quality is a critical crop that has many potential uses which 
need to be investigated. In addition to its wide use as animal feed 
and a source of raw materials for industrial operations, the soybean 
in some areas of the world is already a protein source of major im­
portance to the human population. Soybeans and products derived from 
them have played a major role for many centuries in Asia as a source 
of protein in the diet of millions of people.
Many countries do not have an adequate supply of high quality 
animal protein such as cow's milk. Utilization of soybeans offers 
potential opportunities for alleviating present and imminent worldwide 
shortages of food. The soybean outranks any other natural source in 
its plentiful and inexpensive supply of calories and protein. The 
nutritive quality of soybean protein is the best of those available 
from plant sources and is inferior to animal protein only because it 
is deficient in sulfur-containing amino acids (6).
The whole soybeans may be baked or boiled or used in making 
sprouts, vegetable milk, fresh and dried tofu (curd prepared from 
soybean milk), and many fermented products. Baked or boiled soybeans 
are not very popular in this country or in the Orient, probably be­
cause soaking and cooking require long periods, and the product causes 
flatulence (163).
The manufacture of soymilk by hot or cold water extraction of 
soybean solids involves the grinding of dry or presoaked soybeans.
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The soybeans may first be dry-ground to a flour or the dry beans may 
be ground in the presence of water. Following water extraction, there 
must be a heat treatment of the slurry and separation of the solubles 
from the insoluble residue. This is accomplished by filtration or 
centrifugal separation.
Heat treatment enhances palatability and acceptance and also 
improves the nutritive quality of such foods. Beneficial effects of 
moderately heating soybean foods result in part from destruction of 
various anti-nutritional factors, e.g., trypsin inhibitors, hemeagglut- 
inins, goitrogenic factors and in part from modification of protein 
which permits more complete digestibility and utilization of the growth- 
limiting sulfur-containing amino acids (7).
Soymilk has been used for infant feeding. In recent years, 
research on soymilk production has been stimulated in the United States 
as a means of furnishing high-quality protein food to infants who are 
allergic to cow's milk (55).
Although soymilk is nutritious, it contains many kinds of unplea­
sant flavor components which seem to inhibit its world-wide acceptance. 
It appears quite difficult to eliminate completely all of the unde­
sirable factors, particularly the minor flavor constituents, from 
soybean or its products.
Tofu, an important Japanese food, is made by precipitation of 
the curd with a calcium salt from soybean milk. Fresh tofu contains 
94-90% moisture, 5-8% protein, 3-4% fat and about 2-4% carbohydrates 
(122).
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Fermentation often improves or modifies flavor, taste, and 
texture of soy curd. According to Smith, tofu is a very suitable 
product for making fermented cheese and is, in fact, used for this 
purpose in China (137). Wai has described the process used for pre­
paring Chinese soybean cheese. The resulting cheese has a longer 
shelf life than tofu, but this is achieved only by adding large 
amounts of salt and alcohol. However, other than the use of certain 
molds, relatively little attention has been devoted to employing fer­
mentation techniques to produce acceptable foods from soybeans (6).
Attempts have been made to develop fermented products from 
soybean milk by using cultures and methods employed in fermenting 
cow's milk. However, no acceptable product has resulted from soybean 
milk alone by conventional processes used in cheese-making (157) .
Only by incorporating rennet extract and skim milk into soymilk were 
Hang and Jackson able to prepare a satisfactory cheeselike product 
using Streptococcus Thermophillus as the fermenting organism (60, 61).
Many other investigators have used different organisms and methods 
to produce cheese, yogurt or fermented beverage-type products. Fer­
mented soybean milk might well serve as a substitute in these areas, 
and research and development leading to acceptable fermented soybean 
milk products offer much promise.
The prime reason for undertaking this study was to investigate 
other methods for preparing cheeselike products by incorporation of 
large amounts of soybean curd into a white pickled cheese prepared 
from cow's milk which could be superior to tofu and conventional
4
soybean cheese in terms of palatability, and shelf life for Iranian 
and American markets. Specifically, the objectives of the work de­
scribed in this dissertation were to determine the effects of vari­
ation of soy curd content, ripening temperature, and ripening time 
on (a) thirty-two chemical parameters including eleven free fatty 
acids and thirteen free amino acids, and (b) fifteen selected organo­
leptic attributes of three cheeselike products containing different 
proportions of soy milk curd and cow's milk curd.
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REVIEW OF LITERATURE
Composition of Soybean Seeds
Soybeans are well known for variation in color, size, and shape 
of the seed and other physical properties as well as their chemical 
composition. These variations are governed by the heredity, variety 
and the environment under which the parent plant is grown. The seed 
contains all the elements, compounds, enzyme systems, and genetic 
factors essential for reproduction and initial nourishment of the 
new plant. The differences of soybeans in composition from other 
legumes are principally in nitrogenous substances, in oil, and in the 
low content or almost entire absence of starch.
The early literature on soybean composition was reviewed by 
Piper and Morse in 1923, and analyses for over 500 distinct kinds of 
soybeans reported by United States Department of Agriculture show a 
range in protein content of 30 ~ 46%, and in oil of 12 - 24% (110,122). 
The approximate chemical composition of soybean is shown in Table I.
The content of inorganic constituents compiled from various literature 
sources are given in Table II (110).
The principal mineral components of the ash as shown in Table II, 
are potassium, phosphorus, and calcium. Phosphorus appears as inor­
ganic compounds, phytin and several different phospholipids, and 
nucleic acids. The phytates are especially important because of their 
effect on protein solubility and calcium nutrition (139).
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TABLE I
CHEMICAL COMPOSITION OF SOYBEAN SEED (110, 122)
Constituent Minimum % Maximum % Mean %
Moisture 5.02 9.42 8.0
Ash 3.30 6.35 4.6
Fat 13.50 24.20 18.0
Fiber 2.84 6.27 3.5
Protein 29.60 50.30 40.0




substances 4.65 8.97 5.6
TABLE II
INORGANIC CONSTITUENTS OF SOYBEAN SEED (110)
Constituent Range % Average %
Potassium 1.29 - 2.17^ 1.67a
Sodium 0.343
Calcium 0.163 - 0 .470a 0.275a
Magnesium 0.223




Iron 0.0088 - 0.0106 0.0097
Copper 0.0009 - 0.0016 0.0012
Manganese 0.0028
Zinc 0.0020 - 0.0023 0.0022
Aluminum 0.0007
aCalculated on a dry-matter basis, all others on air-dry basis. 
^Expressed as micrograms per 100 grams dry matter.
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It has been demonstrated that the oil content of soybeans and 
the composition of their fatty acids are influenced by the genetic 
characteristics of the variety and the climatic environment during 
the period in which the oil is elaborated. In the crude form, soybean 
oil consists of 90-95% fatty acid glycerides, together with a con­
siderable number of minor components. The saponifiable substances 
in the minor components of soybean oil consist principally of phospho- 
tides and free fatty acids and the unsaponifiable substances consists 
of sterols, tocopherols, pigments, etc. (110). The analysis of the 
soybean oil reported by different investigators shows an average 
iodine value of 131.6, saturated fatty acids of 12.7% and unsaturated 
fatty acids of 87.3% (62). It is reported that the total saturated- 
acid fraction of soybean oil consists of about 65% palmitic acid and 
30% stearic acid, the remaining 5% consisting of acids of higher or 
lower molecular weight than palmitic and stearic. The unsaturated- 
acid fraction comprises 56% of oleic, 19% of linoleic and 4.8% of 
linolenic acids (33). The ratio of saturated to unsaturated fatty 
acids is fairly constant, irrespective of the total amount of oil 
present in the seed or of the iodine number of the extracted oil (139).
Chemical and Physical Properties of Soybean Protein
The published studies on soybean protein (all proteinaceous cons­
tituents of the soybean seed) go back to the late nineteenth century.
By the improvement of laboratory techniques and inventions of new 
analytical equipment, great progress has been made in the isolation 
and purification of soybean protein.
It is a well known fact that many proteins are very unstable 
substances. This implies that the protein isolated from soybean even
8
by the mildest processing methods, will probably undergo some changes 
in properties possessed by it in the intact living seed.
Different methods have been employed by investigators to extract 
and fractionate soybean protein. The properties of soybean protein 
are still poorly understood, and there is confusion in the literature 
in certain areas. For example, in ultracentrifugal studies of soybean 
protein different sedimentation constants are reported for apparently 
the same components and various workers interpret their results 
differently (163).
Of all the solvents tried, water, water plus dilute alkali (pH: 
7-9), and aqueous solutions of sodium chloride (0.5-2M) are among the 
most efficient for extracting proteins (91) . Because these solvents 
are also mild, they should yield the proteins in an undenatured state 
(33) .
The major soybean proteins have molecular weights ranging from 
about 200,000 to 600,000. This wide range exists because of the sub­
unit structure of the major soybean proteins. In the native state, 
these large molecules can form still higher particle size either through 
association dissociation reactions or by forming disulfide linked poly­
mers. Cytochrome C, trypsin inhibitors, beta-amylasse, hemagglutinin, 
and lipoxygenase are minor proteins but are very important because of 
their biological activities (164).
According to Piper (122) , the first published work on the iso­
lation of soybean protein appears to be that of Meissl and Bocker in 
1883 (104). These authors distinguished three proteins, one of which 
they called casein and it comprised 30% of the soybean, and more than 
90% of the total protein content. The second fraction they termed
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albumin, because it was coagulated by heating the whey obtained from 
precipitation of the casein. This protein constituted 0.5% of the 
soybean. The third fraction comprising 7% of the soybean was insoluble 
on repeated extraction with potassium hydroxide, and was designated 
insoluble casein. The chief protein of soybean is usually considered 
to be a globulin. Osborne and Campbell (1898) gave the name glycinin 
to the globulin-like protein extracted from the soybean by 10% 
sodium chloride solution. They also claimed that two other globulin­
like protein and an albumin-like protein, legumelin, were extracted 
from soybean (118). However, their methods of separation were rather 
involved, and it is probable that differences observed among several 
globulins were results of manipulation. Many other workers studied 
the different fractions of soybean proteins extracted by different 
methods and different solvents, and many discrepancies have been 
reported on the properties of each fraction and extracted material. 
Smiley and Smith (1946) applied modern methods to isolate a protein 
most nearly like the glycinin described by Osborn and Campbell (135).
Heterogeneity of glycinin was first clearly indicated by 
Danielsson (1949), who found two ultracentrifugal components associated 
with the glycinin (32).
Briggs and Man (1950) indicated seven or more components were 
present in a water extract containing 95% of the nitrogenous material 
of soybean meal as assayed by electrophoretic analysis, and three of 
these accounted for about 75% of the total protein (18). According 
to Wolf (164), Naismith (1955) introduced the nomenclature system 
for soybean protein, based on sedimentation coefficients (S)-*- and
-1-Note: The velocity of sedimentation, dr/dt, divided by the
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showed glycinin to consist of 2, 7, 11, and 15 S fractions (112). 
According to Wolf (163), Kretovich et al. (1956 reported that glycinin 
consists only of the 7S and 11S components, present in equal amounts (87), 
careful examination indicated the presence of 2S and 15S fractions. 
Undoubtedly each of the four fractions do not represent a single com­
ponent. It has been shown that the protein consisting of a monomeric 
7S unit can dissociate into six identical subunits. Recent studies 
by Hill and Breidenbach (1974), and Thanh et al. (1975a, b) revealed 
that the 7S fraction is capable of dimerization (conversion into 9S 
sedimenting form) and is composed of at least three or five components 
(69, 148, 149).
Thanh et al. (1975b) developed a procedure for;fractionation 
of the 7S and 11S globulins. This method was based on different 
solubilities of the two globulins in dilute tris (hydroxmethyl) 
aminomethane buffers at pH: 6.6. In 1976 Thanh et al. improved their 
previous method for simultaneous fractionation of the 7S and 11S 
globulins which may afford a large-scale isolation of the two major 
proteins without cross-contamination (149, 150).
Briggs and Wolf (1957) discovered that 7S and 11S component 
are capable of forming disulfide-linked polymers, which made it 
difficult to interpret the results of different investigations since 
the extent of polymerization in the glycinin preparations would be 
unknown (19).
centrifugal acceleration w^r (the acceleration of a particle in centri­
fugal field), where w is the velocity of the centrifuge in radians per 
second (that is, 2pi times the number of revolutions per second) and 
r is the distance of the particle from the axis of rotation, is called 
the sedimentation coefficient S (31).
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Solubility of glycinin in water is increased by treatment with 
reducing agents such as cystine. Insolubilization probably results 
from disulfide polymerization, which occurs during isolation (163).
Some enzymatic activities for glycinin such as beta-amylase, 
urease and dehydrogenase, were reported by some investigators. The 
finding of a multiplicity of enzyme activities, plus the known hete- 
rogenity of glycinin, suggests contamination by individual enzymes 
rather than liberation of enzymatically active sites within the 7S 
and 11S molecules (163).
Current information indicates that soybean proteins have compact 
structures as opposed to random coil-like conformations typical of 
milk caseins. Denaturation, which here means a major change from the 
native structure without alteration of amino acid sequence, could be 
brought about by means of different chemical or physical agents (103).
Denaturation of soybean proteins by moist heat is well known and 
has long been used to eliminate antinutritional factors and some of the 
proteins possessing enzymatic activities. Little is known about the 
reactions that soybean proteins undergo when they are heated. Heating 
soybean meal with an equal weight of water at or above 100°C, in the 
beginning decreases the water-solubility of the protein, but it in­
creases again in further heatings. According to Wolf (164), Watanabe 
and Nakayama (1962) heated water-extractable soybean proteins at pH 7.0 
and confirmed formation of aggregates. Gel filtration of water-extract- 
able, acid-precipitated, and calcium-precipitated proteins, before and 
after heating, showed the low-molecular weight fractions were converted 
to high-molecular weight materials (158).
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Circle et al. (1964) studied the gel formation of an 8% or higher 
concentration of commercially prepared soybean globulins. In the 
concentration range of 8-12% the gels broke down when heated at 124°C. 
This behavior may be related to resolubilization of protein when meal 
is heated at 100°C for prolonged periods of time with excess water 
or at temperatures about 100°C (26). Catsimpoolas and Meyer (1970) 
proposed that heating soybean globulins at concentrations greater than 
8% converts them to a progel state tha~ gels on cooling (25).
A minimum solubility for soybean globulin exists between pH 3.5 
to 5.0, which is the isoelectric region for the major proteins. Wolf 
and Briggs (1958), noted irreversible changes in the 11S protein at pH 
2-3 (107). The effect of high or low pH on the major proteins (7S and 
11S globulins) appears to be dissociation of the molecules into sub­
units (164) .
Wolf and Briggs (1959) showed that addition of acids to soybean 
extracts causes quantitative precipitation of the 11S and 15S fractions, 
nearly complete precipitation of the 7S components, and only 20-30% 
precipitation of the 2S fraction. The acid-precipitated globulins 
are contaminated by non-proteins, such as phytates, nucleic acids and 
possibly phosphatides (162).
The amino acid composition of Lincoln variety soybean is given in 
Table III, and it is compared with the amino acid composition of acid- 
precipitated protein of the same variety, which shows minor differences 
in relative distribution. The acid-precipitated protein has a 
slightly lower content of essential amino acids except for trypto­
phan and leucine, which are present in relatively large amounts (163).
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TABLE III
AMINO ACID COMPOSITION OF LINCOLN VARIETY3 SOYBEAN 
PROTEIN AND ITS ACID PRECIPITATED FRACTION (163)














Glutamic acid 18.5 20.8




aAll data expressed as g/16g N. 
^Contained 15.8% N.
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Cooling a concentrated aqueous extract of soybean to near 0°C 
caused precipitation of a fraction called "cold-precipitable protein 
or cold-insoluble fraction". Heterogeneity of this fraction was also 
observed by ultracentrifugation, which indicated the presence of 2, 7, 
11, and 15S components, with the 11S protein as the major component 
which comprised 69-88% of the precipitated fraction (164).
The tertiary structure of the proteins affects digestibility and 
the structure may not be fully destroyed by heat treatment. Fukushima 
(1968) suggested that the globular molecules of soybean proteins are 
compactly folded and have a hydrophobic region in the interior which 
resists proteolysis. The proteins cannot be fully digested until the 
interior tertiary structure is destroyed (51).
Preliminary studies indicate that starch may contribute to the 
decreased digestibility of soybean proteins. Kapsiotis (1972) reported 
that treatment of certain isolated globulin fractions of bean with 
alpha-amylase increased their digestibility from 79% for untreated to 
98.5% for the alpha-amylase treated samples. Heat treatment alone did 
not cause this improvement (78). Boonvisut et al. (1976) investigated 
the effect of heat treatment at neutral and acidic pH, amylase treat­
ment, and breakage of disulfide bonds on the in_ vitro digestion of 
various fractions of soybean flour by pepsin and/or trypsin. They 
reported that trypsin inhibitors were destroyed by heating at 100°C 
for 30 minutes at pH 1 but not at neutrality. The native structure 
of the proteins could be destroyed by heating, particularly at low pH, 
by digestion with pepsin at pH 1, or by cleavage of the disulfide 
bonds. Cleavage of the disulfide bonds increased the in vitro diges­
tibility of the proteins (15).
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Carbohydrates
Since carbohydrates of soybeans are not considered to be a major 
potential source of feed or food, they have not been studied extensive­
ly. Carbohydrates may amount from 17.93 to 30.18% of the soybean. 
Extraction and purification of the carbohydrates also have presented 
difficulties to investigators attempting to identify the type and 
amount present in different varieties (139).
The principal sugars of the soybean are the disaccharide stachyose 
and a very minor amount of pentasaccharide verbascose. Reducing sugars 
decrease in percentage with increasing maturity of the beans, while 
pentosans and galactans tend to increase as the seeds mature. The 
occurrence of glucose in the mature soybean is questionable. Table IV 
shows the composition of nitrogen-free extract of seed of Hollybrook 
variety, and Table V shows the sugar content in seed parts of United 
States soybeans (110, 139).
Soybean Milk
Fermented or unfermented cheese-type products have been prepared 
from soybeans in Oriental countries since ancient times. Typically, 
soybeans are used as food in two different ways. One is to make a 
soybean milk and then precipitate the protein as a curd. As such, this 
product has little flavor, but it is placed in soup and other dishes to 
add protein, while flavor is added by other materials, especially 
fermented soybean products. The second major use of soybeans is as a 
source of flavor for both meat and vegetable dishes (67).
The precipitated curd from soybean milk which is called "Teaufu" 
by the Chinese, "Tofu" by the Japanese, is said to have been originated
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TABLE IV
COMPOSITION OF NITROGEN-FREE EXTRACT OF SEED OF 











Waxes, color principles, tanins, etc. (by difference) 8.60
Total 31.32
Galactan from raffinose 
Nitrogen-free extract in sample
aIncluding 0.24% galactan from raffinose.
TABLE V
SUGARS IN SEED PARTS OF U.S. SOYBEANS 
AVERAGE 6  VARIETIES (139)
Constituents Whole Soybeans 
%
Sucrose 4.5
Raffinose 1 . 1
Stachyose 3.7
Verbascose ---





by the Chinese philosopher, Wai Nain Tze, before the Christian Era, 
and was undoubtedly introduced into Japan from China by the Buddhists 
(122).
Soybean milk, in the traditional sense, is simply an aqueous 
extract of whole soybeans (140). This product is used in a fresh 
state as a substitute for cow's milk, and forms the basis of the 
various kinds of bean curd or vegetable cheese.
The straw-yellow or yellowish-green seeded varieties of soybeans 
are always used in the manufacture of vegetable milk. The beans are 
first thoroughly washed and then soaked in water for several hours.
This soaking causes the beans to swell and is said to facilitate the 
extraction of the bean proteins. After the beans have been soaked they 
are ground through a mill or grinder. Then the volume of the slurry 
is brought up to a desired level by the addition of water. The mixture 
is strained through a cheese cloth or any material suitable for 
filtration. The filtered liquid, or soybean milk, might be sterilized 
by heat treatment, or simply cooked for 30 minutes, depending on its 
intended use. Heat treatments are usually employed to improve the 
flavor, nutritive value and keeping quality of the milk. The whole- 
bean meal or flour can be used in the same manner and gives fully as 
good results as the method of soaking the beans (1 2 2 ) .
Different investigators have used various soaking times and 
temperatures, water and bean proportions and temperature for extraction, 
and heat treatment of the milk, in order to extract the largest amount 
of solids and to produce a bland flavored soymilk.
Smith and Beckel (1946) have stated that soybean milk, as ordinary- 
ly produced, does not have the bland flavor or smooth texture of cow's
18
milk (136). Miller (1937) has described a process in which he used 
whole vegetable variety soybeans and volatilized the "beany" flavor 
from the milk by boiling. After boiling the finely-ground slurry, the 
solid residue was removed by centrifugation (106).
Hand et al. (1964) and Van Buren et al. (1964) have extensively 
investigated methods for producing soymilk, with special studies on 
heat processing and flavor. In a taste evaluation of their products 
they found that the classical method of water extraction of soaked 
soybeans gave the best product with respect to flavor and consis­
tency (59, 152).
The soymilk off-flavor problem is mainly associated with volatile 
compounds. Preliminary experiments by Wilkens et al. (1967) demonstra­
ted that the off-flavors were derived only from soymilk prepared from 
whole fat soybeans. Soymilk prepared from soybeans which were fat- 
extracted prior to hydration exhibited few volatile constituents.
The extracted fat fraction from soybeans, after exposure to air or 
oxygen, developed rancid off-flavors and produced complex chromatograms 
similar to those of soymilk from whole fat beans. The soymilk prepara­
tions which contained the fat were subjectively described as beany and 
rancid, while soymilk from fat-extracted beans had a comparatively bland, 
cereal-type odor. The rapid formation of rancid flavors occurred 
almost instantly during the grinding of soybeans with water and was 
shown to be due to oxidation of polyunsaturated fats catalyzed by lipoxi- 
dases (160) .
Heimann et al. (1977) showed that volatile compounds produced by 
the action of lipoxygenase on linoleic acid are formed by two pathways: 
(1 ) from preformed linoleic acid hydroperoxide products or (2 ) formation
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of compounds of a different chemical nature, the formation being related 
to reaction conditions like temperature, O2  pressure, substrate concen­
tration, etc. (65).
Wilkens et al. (1967) produced a nearly bland flavor soymilk by 
using high temperatures and a rapid hydration grinding process on 
dehulled soybeans. They stated that an acceptable flavor was produced 
by grinding unsoaked dehulled dry beans with water at temperatures 
ranging between 80 and 100°C and maintaining that temperature for 10 
minutes. They stated also that lower temperatures in the range of 
60 to 80°C can be used if sufficient antioxidants are added to the 
water. They also mentioned that the maximum yield of soymilk solids 
is obtained when the extraction temperature is 60°C (160).
Mattick and Hand (1969) developed a processing procedure by 
grinding the soaked beans at a temperature above 80°C to inactivate 
the lipoxidase before it could have a significant effect on flavor
(101).
Hackler et al. (1963) investigated the effect of heat treatment 
on the nutritive value of soymilk protein when fed to weanling rats. 
Their results indicated that the nutritive value increased by heating 
the beans at 121°C from 2 to 4 minutes but decreased when heating was 
extended from 4 to 32 minutes. The rise in nutritive value attributed 
to the 2 -minutes heating was a result of the heat inactivation of the 
antigrowth factors in soybeans. The overheating of soymilk would also 
bring about darkening and development of cooked flavor (55).
Thermal inactivation of lipoxidase in whole soybeans was also 
investigated by Rice (1973) . He stated that microwave heating had a 
much slower effect than steam-heating at 210°C; it followed first-order
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kinetics, and depended on moisture content. Inactivation time increased 
linearly as moisture content fell from 60 to 2 0 %; as the moisture 
content fell below 2 0 %, the inactivation time increased exponentially 
(126).
Very little information is available in the literature concerning 
the composition of soak water or the materials removed from soybeans 
by soaking. Yan (1927) reported that pre-soaking for 8  hours resulted 
in a higher yield of bean solids in the milk than using either non­
soaked beans or beans soaked for shorter periods. This suggested that 
the soaking process not only facilitated grinding but enabled better 
dispersion and suspension of bean solids during extraction (165).
Hackler et al. (1963) reported that the ingredients extracted in soak 
water failed to support the growth of rats, and that the proteins in 
the insoluble residue had a better nutritional value than those in 
the soymilk (56). Lo et al. (1968) reported that as the soaking time 
for soybeans increased, larger quantities of water soluble solids 
leached into the soak water. Changes, apparently metabolic, in the 
soybeans during soaking caused the protein to decrease from 43% to 
38% during the 24-hours soaking period, and to 36% for a 72-hours 
soaking period. Non-protein nitrogen increased during the same inter­
vals from 0.16% to 0.86%. Fat decreased during the soaking period from 
26% to 19% (93).
Variations in the temperature of water used in the extraction of 
whole soybeans have not been thoroughly investigated. Tan (1958) re­
ported no variation in the yield of solids when soybeans were extracted 
at different temperatures between 20 to 90°C, but reported that a 
temperature of extraction between 70 and 75°C gave the highest yield
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of proteins from defatted soybean meal (146).
Lo et al. (1968) reported the loss of solids from soybeans after 
8  hours of soaking to be 1 .6 %, and regardless of the pre treatment 
they obtained the highest yield of solids in the milk when the tempera­
ture was between 55 and 65°C. They also reported that beans presoaked 
at room temperature, with extraction temperatures ranging from 45 to 
80°C, gave higher yields of solids than other temperatures or pre 
treatments. Temperatures of extraction above 85°C resulted in sub­
stantial decrease in the solids extracted in soymilk. When beans were 
ground at temperatures above 85°C, additional difficulties were en­
countered in filtering the soymilks (94, 95).
Hackler (1970) reported some of the effects of soaking soybeans 
in a sodium hydroxide solution as a pretreatment step in the preparation 
of soymilk. The results of that study indicated that an alkaline 
treatment with 0.05N NaOH produced a soymilk with a pH of 7.4 which had 
a significantly better flavor, whereas a further increase in pH resulted 
in the soymilk having poorer flavor than that prepared without alkaline 
pre-treatment. Alkaline treatment also increased available niacin, 
reduced trypsin inhibitor activity, reduced cystine content, and de­
creased nutritive value as indicated by protein efficiency ratio 
measurements (57).
Distilled water extracts of defatted soybean meal have a pH of 
about 6 .4-6.6 . Extraction at higher pH by adding alkali increases 
the amount of protein extracted by 5-10%, but lowering the pH dras­
tically reduces the amount of extractable protein. Accordingly, 
extractions in the pH range of 6 .5-9.0 are recommended (164).
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Abdo et al. (1967) reported that the protein extractability 
from soybean can be improved by enzymatic treatment (1 ).
Kellor (1974) reported that, with the exception of limiting 
amounts of methionine and cystine, soybean is an excellent food 
protein source (81). Rackis (1974) discussed the antinutritive com­
pounds in soybeans which may adversely affect the nutritive value 
of soybeans. The antinutritive compounds include proteolytic enzyme 
inhibitors, amylose inhibitors, phytohemagglutinins, phytic acid, 
flatulents, goitrogenic compounds, saponins, and phenolic compounds. 
Heat treatment of soybeans or soybean products can destroy the first 
three antinutritional factors, and other compounds are thought not to 
be of serious nutritional concern, especially in a mixed diet (125). 
Thananukul et al. (1976) used a mold, Mortierella vinacea, that pro­
duces alpha-galactosidase to remove raffinose and stachyose in soybean 
milk which have been implicated as factors responsible for the flatu­
lence (147).
Liener (1972) reported the biological value, measured with human 
subjects, of heat treated full fat soybean flour to be 64 while that of 
egg was 87. Supplementation of the soybean flour with methionine 
increased the biological value to 75 (91).
Kakade et al. (1969) showed that both selective removal of the 
trypsin inhibitors and denaturation of protein by heat increased 
digestibility of the protein (75). Kellor (1974) reported that ex­
cessive heat treatment can lower the digestibility (81). Kowalski 
et al. (1974), Ikenaka et al. (1974) reported that the proteolytic 
enzyme inhibitors in soybeans contain disulfide bonds which contribute 
to stability of the tertiary structure of the proteins (8 6 , 73).
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Soybean milk prepared in the traditional manner compares quite 
favorably with cow's milk in calcium and protein content and their 
nutritional availability. Table VI shows the composition of cow's 
and typical soybean milk (52).
Experiments with human subjects indicated that the utilization 
of calcium of soybean milk prepared in the traditional manner is about 
90% of that cow's milk. Table VII presents a comparison of the essen­
tial amino acid content of soybean, cow's and human milk, among which 
there is general similarity in composition. The main deficiency of 
soybean protein is that of the S-containing amino acids. Animal 
experiments, in general, show that the nutritive value of soybean 
milk ranges anywhere from 60% to 90% of that of cow's milk (91).
Yamashita et al. (1971) have found that, when a mixture of a 
soybean protein hydrolysate and L-methionine ethyl ester is incubated 
in the presence of papain, a plastein can be obtained in which the 
methionine has been incorporated in a peptide-bonding state (166).
The same investigators (1976) reported that plastein reaction seems to 
be greatly applicable to the improvement of amino acid composition of 
food proteins. Particularly, nutritional improvement of proteins may 
thus be feasible (167).
The properties of soybean milk may be said to be similar to 
those of animal milk. Acids, rennet, pepsin and certain salts will 
precipitate the protein materials as they do with animal milk. Accor­
ding to Piper (122), Li Yu Ying and Grandvoinnet (1911-12) found that 
the lactic ferments act in the same way both with vegetable and amimal 
milk. Rennet curdles soybean milk but the temperature is raised a 
little more than with cow's milk (90).
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TABLE VI









Iron 0 . 0 0 1 0 0 . 0 0 0 2
Ash 0.79 0.70
Calories per ounces 13.7 19.7
TABLE VII
A COMPARISON OF THE ESSENTIAL AMINO ACID COMPOSITION 






Isoleucine 5.1 7.5 5.5
Leucine 8.3 1 1 . 0 9.1
Lysine 6 . 2 8.7 6 . 6
Methionine 1.4 3.2 -
Cystine 1.7 1 . 0
Total Sulfur AA 3.1 4.2 4.0
Phenylalanine
Tyrosine
Total Aromatic 9.0 11.5 9.5
Threonine 3.8 4.7 4.5
Tryptophan 1.3 1.5 1 . 6
Valine 4.9 7.0 6 . 2
All data expressed as g/16g N.
25
Soybean Curd (Tofu)
When a mineral salt or acids are added to soybean milk protein 
coagulation occurs and a curd is formed. Tofu is made by precipitating 
the curd with a calcium salt from a hot water extract of whole soybeans 
(137). After the curd settles, sufficient water is removed by pressing 
until the curd is solid enough to be handled. Coagulation is accelerated 
by adding the salts or acids to hot milk and boiling. Coagulation may 
be brought about by rennet, and if rennet or pure salts are used, the 
bitter taste, generally found in the curd made by Oriental methods, 
is avoided (2 2 ).
Smith et al. (1960) reported that fresh commercial "Tofu", which 
is sold in the form of a wet cake, has the approximate composition of 
6 % protein, 3.5% fat, 1.9% carbohydrates, 0.6% ask, and 8 8 % water.
They also investigated the "Tofu" made from different American varieties. 
The best "Tofu", based on the attributes of coagulation, texture and 
color, was made from Lee and Jackson varieties. In general, the high 
protein varieties of soybeans gave higher yields, based on the weight 
of the beans (137).
Good tofu has a very bland taste and is white or very pale 
yellow in color. The flavor of tofu and other soybean products in 
Oriental countries was resolved to their satisfaction early in the 
history of soybean utilization. Fermentation of soybean products also 
has helped to contribute more acceptable flavors, but those special 
flavors are not generally accepted in other countries. For many 
reasons, the flavor problem has been difficult to solve; (a) because 
of the minute amount of the flavor components naturally occurring in 
the raw bean and the difficulty involved in their isolation and
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characterization; (b) activation of the natural enzymes of the bean, 
such as lipoxidases and lipases as the result of the rupture of the 
cells during processing and introduction of new fla.vor components 
from lipid precursors; (c) stimulation of interactions between many 
of the minor components and protein and formation of other artifacts 
during processing as the result of the heat, increases the difficulty 
of identification and elimination of those components (140).
In order to develop a more acceptable product it was considered 
necessary to subject the beans to heat treatment at the start of the 
process. This would have the effect of; (a) destroying native enzymes 
in the beans thereby preventing future activity during processing;
(b) possibly driving off undesirable flavor components; and (c) destroy­
ing any microorganisms that may be present (140).
Wilkens et al. (1967) reported that enzyme activation occurs in 
the traditional practice of soaking beans in water prior to preparation 
of soybean milk (160). Schroder and Jackson (1971) reported that 
initial treatment of the beans, which consisted of a preliminary steaming 
followed by dehulling, activated the lipoxidase enzymes in the beans 
resulting in the typical beany flavor (129). The same investigators in 
1972 reported that a bland flavored tofu could be produced by blending 
soybeans with water at a temperature between 85 and 95°C without any 
pretreatment; other conditions included keeping the resulting suspension 
at approximately 100°C for 30 minutes, filtering the suspension through 
muslin cloth to produce soybean milk, clotting the milk by addition of 
0.2% CaSC>4 at 80°C, holding it at this temperature for 30 minutes, 
and finally draining the curd (130).
Boyer et al. (1946), and Bull et al. (1967) reported that fatty 
acids are capable of binding with proteins. Not only fatty acids but 
also various fatty substances in foods may possibly exist in a pro­
tein-bound state. It is also known that the flavor of soybean protein 
is not completely removable by simple distillation or extraction 
methods. This may indicate that flavor components also are capable of 
binding with protein(16, 17, 20, 21). Different investigators isolated 
various aliphatic flavor components of soybean. Fujimaki et al. (1965) 
published a paper dealing with carbonyl compounds (48); Arai et al. 
(1966a,b), volatile fatty acids and amines, and in 1967 volatile alcohols 
(10, 11, 12). These flavoring components are mostly removed in defat­
ting processes, but very small amounts may remain in the meal, most 
probably bound to protein.
In the process of preparation of soybean protein, a fraction of 
soybean protein which loses its water solubility after precipitation by 
1M NaCl at pH 4.5 and neutralization is known as acid-sensitive protein. 
The acid-sensitive fraction accounts for 25-30% of extracted soy protein 
in which 2S and 7S ultracentrifuge components make up 89% of this 
fraction. Anderson (1974), Anderson et al. (1973), and Nash et al.
(1971) have studied this acid-sensitive fraction. Because nonprotein 
material is bound more tightly to the acid-sensitive fraction than to 
other soy proteins, a relationship is anticipated between the presence 
of the acid-sensitive fraction and flavor (3, 4, 113).
Anderson et al. (1976) reported that removal of the acid-sensi­
tive fraction significantly increased flavor acceptability of soy 
protein, in which the most noticeable resulting change was a decrease in 
the intensity of grassy-beany flavor (5).
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Breakdown of proteins by enzymatic action which may result in the 
breakdown of protein-flavor bindings, may facilitate the liberation of 
flavor components. Fujimaki et al. (1968) reported that the objection­
able flavor of soybean protein was effectively removed from soybean 
protein preparations during digestion by proteolytic enzymes. Among 
the 1 2  proteolytic enzymes used in this investigation, the aspergillo- 
peptidase (Molsin) was evaluated as the most effective in removing the 
objectionable flavor (49). Following Fujimaki!s investigation, Noguchi 
et al. (1970) measured the amounts of ether-soluble compounds, total 
carbonyl compounds, and volatile reducing substances released during 
incubation of soybean curd with, and without, the presence of asper- 
gillopeptidase enzyme. They showed that the release of those flavoring 
compounds and related compounds such as lipids, pigments, saponins, etc. 
was greater during incubation in the presence of proteolytic enzymes, 
but the final product had less odor, taste and color (114).
Kato and Tsuji (1977) isolated a microbial strain from the mouth 
of a weaneing calf, which they reported to be Geotrichum candidum Link 
ex. Pearson emend. by J. W. Carmichael. This strain successfully 
coagulates a soybean emulsion into a soft curd and, on addition of 
glucose, produces a fruity ester flavor which masks favorably the green 
odor of the soybean (79).
Fujimaki et al. (1968) reported that when proteolytic enzymes 
are applied on soybeans to reduce beany flavor, in most cases unfavorable 
flavors appear during the enzymatic digestion process. One of these 
is a bitter flavor, which is probably derived from peptides (49).
Fujimaki et al. (1970) reported that in the diffusible fraction of cold- 
insoluble protein of soybean, after proteolytic enzyme treatment, seven
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amino acids were detected, among which isoleucine, phenylalanine, 
leucine, and valine were found to be bitter. The bitterness of the 
cold-insoluble fraction was mainly ascribed to low-molecular-weight 
peptides, presumably less than 1,500 in molecular weight. These pep­
tides are considered to be difficulty hydrolyzable further by pepsin, 
since pepsin is an endopeptidase. The bitterness increased gradually 
after the addition of the enzyme and reached maximum intensity after 
24 hours, and there remained almost unchanged. Many kinds of peptides 
are possibly produced by the peptic hydrolysis, but almost all bitter 
peptides elucidated in this investigation were found to bear leucine 
at the termini (50).
Oxidative degradation of lipids, as was mentioned earlier, is a 
common cause of objectionable flavor. Bitter taste is not usually 
associated with lipid degradation products. However, according to 
Sessa et al. (132) , Weiss and Diemair (1939) established that bitter­
ness can arise from oxidation of phospholipids (159). Sessa et al. 
(1969) demonstrated that oil-free phosphatides from soybean become 
intensely bitter after irradiation with ultraviolet light (131).
Sessa et al. (1974) isolated an intensely bitter fraction containing a 
phosphatidylcholine as the major constituent from autoxidation. The 
bitter taste of soybean may involve oxidation of phospholipids (132).
Growth of Lactic Acid Bacteria in Soymilk
Fermentation is known to enhance the appearance, flavor or aroma 
of some foods and has the possibility to further improve the accepta­
bility of soybean products. Molds such as Rhizopus oligosporus (143, 
144, 99), Neurospora Sp. (145), and Aspergillus oryzae (6 8 ) , have been
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used to prepare fermented soybean foods- The action of these organisms 
or their preparations on soybean constituents have also been studied 
by different investigators. However, products manufactured using molds 
are not widely accepted.
Lactic acid bacteria which play an important role in many food 
fermentations have not been studied as extensively as molds in connec­
tion with the fermentation of soybeans. According to Piper (122),
Li Yu Ying and Grandvoinnet (1911-12) reported that lactic acid bacteria 
act in the same way both with vegetable and animal milk (90). Kellogg 
(1934) inoculated sterilized soymilk with L̂. acidophilus to produce a 
buttermilk-like product (80). Gehrke and Wieser (1947) compared the 
effects of various biochemical reactions occurring in cow's and soybean 
milk inoculated with L. bulgaricus, L. acidophilus, S_. liquefaciens,
S_. lactis, Aerobacter aerogenes, and Esherichia coli. Studies were made 
on the rate and extent of peptonization, acid production, coagulation, 
pH, and reduction of litmus produced by these organisms. Growth of 
L. bulgaricus in soybean litmus milk showed that coagulation occurred 
more rapidly, whereas in litmus milk acid production and litmus reduction 
were more pronounced. L. acidophilus had a lower rate of acid production 
in soymilk, while the other biochemical reactions were similar in most 
instances. S_. liquefaciens produced only a slight proteolysis in 
soybean milk, while a pronounced proteolysis occurred in cow's milk.
The biochemical reactions induced by S_. lactis in soybean milk were 
retarded as compared with the reactions in cow's milk. A. aerogenes 
produced extensive proteolysis in soybean milk but only a slight pro­
teolysis in cow's milk. EL coli showed a more rapid production and 
coagulation in soymilk, but no peptonization, with this study they
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demonstrated that soybean milk serves as an excellent culture media for 
the organisms studied (52).
The same investigators (1948) studied the suitability of soybean 
milk for butter culture propagation and changes of pH, titratable 
acidity, volatile acidity, and acetylmethylcarbinol plus diacetyl, 
which are the major components responsible for the aroma and flavor 
of butter. The microorganisms used in this investigation were S_. 
lactis, S_. citrovorus and S_. paracitrovorus. They stated that the pH 
and volatile acidity were comparable in most instances with those of 
cow's milk. During the early stages of fermentation only small amounts 
of acetylmethylcarbinol plus diacetyl were present, while after 96 
hours of incubation at 21°C appreciable increase in these substances 
occurred. The addition of citric acid resulted in a 70% increase in 
the production of acetylmethylcarbinol plus diacetyl in soybean milk 
by butter culture. Acetylmethylcarbinol plus diacetyl will not develop 
as rapidly in soybean milk as in cow's milk, but upon extended holding 
of the cultures a comparable result would be obtained. Early in the 
ripening, pronounced changes in titratable acid had little effect on 
the development of acetylmethylcarbinol plus diacetyl, but later in 
the incubation period significant increases occurred with little or 
no changes in acidity (53).
Angeles and Marth (1971) investigated the growth rates of 13 
species of lactic acid bacteria in sterile soymilk. They reported 
that the growth rates in soymilk were generally greater or comparable 
to those associated with cow's milk. Acid production was not always 
directly related to growth rates of the organisms. Substantial forma­
tion of acid was limited to those bacteria able to utilize the sugars
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in soymilk, such as j3. thermophilus, 33. delberuekii, L. pentosus and 
Leuconostoc mesentroides. When readily available nitrogen was added 
to soymilk, acid production was enhanced by S_. thermophilus, Leuconostoc 
mesentroides, and Leuconostoc citrovorum, and L. pentosus. Addition 
of whey powder, glucose, or lactose to soymilk enhanced acid production 
by S_. lactis, S_. cremoris, S_. diacetilactis, 35. casei, and 33. helveticus, 
whereas addition of sucrose was without benefit. They also noted that 
the presence of 0.23%-0.25% titratable acid, corresponding to a pH of 
5.7, caused coagulation of the sterilized soymilk (8 ).
Wang and Hesseltine (1973) investigated the growth of eight L. 
acidophilus stains and four 33. bulgaricus strains in soymilk and soymilk 
enriched with glucose, lactose, and sucrose. They reported that four 
33. acidophilus strains grew well in soymilk; the remainder grew better 
in soymilk supplemented with glucose or lactose. In general, soymilk 
was not an adequate media for strains of 33. bulgaricus. They noted 
that almost all the employed cultures in their investigation, however, 
could adapt themselves to the environments of the soybean milk (157).
Mital and Steinkraus (1974) investigated the growth rate of .L. 
cellobiosis, L. buchneri, L. fermenti, L. plantarium, S_. thermophilus,
L. bulgaricus and 33. acidophilus ATCC No. 4356, in two types of soymilk 
prepared from whole and defatted soybeans. Since the natural soybean 
sugars were removed during defatting of soybeans, the soymilk prepared 
from defatted beans was supplemented by 2% sucrose. They stated that 
sucrose is the major fermentable sugar in soybean and organisms which 
utilize sucrose produce substantial amounts of acid in soymilk, but 
all of the organisms exhibited more growth in soymilk prepared from 
whole soybeans. The differences between the two soymilks were found
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to be related to the loss of some of the growth factors during solvent 
extraction of the beans. They also noted that S_. thermophilus, 
acidophilus, L. cellobiosis and L. plantarium, because of their ability 
to utilize sucrose, showed appreciable growth and acid production in 
soymilk prepared from whole soybeans. Although L. buchneri utilized 
sucrose, it exhibited a rather slow rate of growth in both types of 
milks. Results of their study showed that the strains of the L. 
acidophilus do not utilize melibiose, raffinose or stachyose,’ but these 
sugars can be used by L̂. buchneri, Ij. cellobiosis, L. fermenti and 
Ij. plantarium (107) .
Mital and Steinkraus (1975) used lactic acid bacteria possessing 
alpha-galactosidase to utilize galacto-oligosaccharides present in 
soymilk as a means of removing raffinose and stachyose which are be­
lieved to contribute to flatulence properties of soybeans (108).
Fuji Oil Co. Ltd. (1976) reported that beany odor is eliminated 
from soybean milk by subjecting it to lactic fermentation and dis­
tilling the fermented material under reduced pressure (46).
Heat treatment of growth media can influence the rate of growth 
of the lactic acid bacteria. Foster (1952) reported that autoclaved 
(115°C-15 minutes) cow's milk was markedly superior to milk heated at 
80°C for 10 minutes for growth of lactic streptococci. Extension of 
autoclaving time beyond 15-20 minutes resulted in a decreased growth- 
supporting ability of the milk (45). Greene and Jezeski (1957) have 
shown that progressing severity of heat treatments resulted in milk 
first showing stimulatory properties for cultures (62°C for 30 minutes 
to 72°C for 40 minutes); this was followed by the milk being inhibitory 
on further heating (72°C for 45 minutes to 82°C for 10-45 minutes or
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90°C for 1-45 minutes); increased exposure to heat produced a second 
zone of stimulation (90°C for 60-180 min. to 120°C for 15-30 min.); 
which was followed by a second zone of inhibition (120°C for longer 
than 30 min.) (54). Speck (1962) stated that the evidence indicates 
that heating of milk at certain levels denatures proteins and that 
such changes, accompanied by the presence of free sulfhydryl groups, 
are beneficial to bacterial growth. The actual compounds produced which 
directly cause this increased nutritional quality are still not com­
pletely identified. The inhibition, however, caused in milk by heat 
exposures appears to reside in the volatile sulfide products (141).
Angeles et al. (1970-71) reported that the heat treatment at 60°C 
of soymilk inoculated with Streptococcus or Leuconostoc species in­
creased acid formation, but extended heating at 60°C reduced soymilk 
suitability as a substrate for acid development. Heating at 80°C from 
1 to 60 minutes at 100°C for short duration had severe inhibitory 
effects on acid production. More severe heating at 100°C or 120°C 
progressively improved the quality of soymilk as a substrate. In­
hibitory effects coincided with development of sulfhydryls and toxic 
volatile sulfides in the medium during heating. Beneficial effects of 
more severe heating were attributed to expulsion of sulfhydryls and 
decrease in the oxidation reduction potential of the medium (6 , 7).
Soybean Cheese
The composition of soybean milk as a medium for microbial growth, 
together with the physical and chemical properties of its protein, 
make it an excellent commodity for cheese or cheese-type products 
preparation. According to Hang and Jackson (60), Wai in 1929 and 1964,
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Hesseltine (1969), and Wang (1970) have described the process used for 
preparing Chinese cheese. The resulting cheese has a longer shelf 
life than tofu, but this is achieved only by adding large amounts of 
salt and alcohol. The cheese-like taste of this type product is 
brought about by mold action sprinkled on the surface of a salt 
precipitated curd. The final product is called "Sufu" by Chinese 
(154, 155, 67, 156) .
The advantages in the fermentation of soybeans for the production 
of an edible food material have been discussed by Murate et al. (1967) 
and Hesseltine and Wang (1967). Fermentation produces more flavoring 
substances with or without breakdown of the previous flavoring materials 
present in the food, which may result in the reduction or masking of 
the beany flavor, as well as enhancement of the nutritional value of 
the product. However as mentioned previously, fermentation by intro­
ducing some proteolytic enzymes may cause some proteolysis and formation 
of bitter peptides in the final product (1 1 1 , 6 6 ).
Hang and Jackson (1967 I,II) reported that a satisfactory cheese 
with a good body and texture could be prepared by means of lactic acid 
fermentation of soybean milk by S_. diacetilactis and Ŝ. thermophilus. 
They also employed rennet extract and skim milk in order to improve 
different characteristics of the prepared cheese. They stated that 
the major role of starter organisms appeared to be acid production. 
Rennet extract however did not reduce the time of coagulation, but it 
improved the body and texture of the cheese. Addition of skim milk 
reduced the time of coagulation. They also noted that lactic acid 
bacteria did not have any proteolytic activity in the prepared cheese, 
but rennet extract caused softening of the cheese probably by
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proteolytic activity on the soybean protein and production of a mild 
flavored cheese (60, 61) .
Kim et al. (1971) prepared a cheese-type product by using a 
ratio of 7:3 soymilk to dried skim milk and inoculation of lactic acid 
bacteria. After coagulation of the mixture, the curd was cooked, 
hooped, and pressed, Penicillium caseicolum and NaCl were then spread 
on the surface to bring up flavor by proteolytic action of the mold (82).
Schroder and Jackson (1971) used different proportions of skim 
milk and soymilk (0,25,50 and 70% of skim milk) to prepare cheese by 
the action of lactic acid organisms. They stated that the amount of 
skim milk had little effect on the flavor of finished product, due to 
the dominating effect of the beany flavor of the soybeans, although 
the beans were heat-treated before the preparation of the soymilk.
Skim milk had little effect on the texture of the finished cheese, 
indicating that only a small amount of fibrous matter from the soybean 
is necessary to impart a mealy texture to the product. Mold ripening 
of their prepared cheese resulted in desirable changes in texture, 
but it produced a bitter flavor (31).
Different types of molds have been used by Japanese investigators 
to produce cheese-like products from soybeans. In practically all their 
studies the same procedure was followed with preference being given to 
lactic acid bacteria coagulation of the milk rather than by using 
different salts (13, 169).
Lundsted (1973) prepared a cheese having the flavor, taste and 
veins of blue cheese from soymilk fortified with butter fat and non-fat 
milk solids and inoculated with Penicillium roqueforti. Lactic starter 
was used for the coagulation of fortified soymilk. He also prepared a
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meltable cheese from soymilk by adding 1-10% of fat and 0.5-5% skim 
milk solids to soymilk, using butter culture and a special heat treat­
ment of the curd (95, 96).
Ochomogo (1974) prepared an unfermented cheese from soy and cow's 
milk mixture using the procedure for preparation of "Queso Blanco", an 
Latin American cheese. She stated that a satisfactory cheese could be 
prepared by using acetic acid, NDGA, skim milk and soybean milk and 
diacetyl. The prepared cheese had a creamy texture with good slicing 
properties and the flavor resembled "Queso Blanco" with a typical white 
color (115).
Fuji Oil Co. Ltd. (1976) described a processed cheese-like product 
from soybean cheese which involves mixing the cheese under high shear 
with a casein-containing product such as sodium caseinate, dairy cheese, 
dried skin-milk, and emulsifying salts, heating the mixture to 85°C 
and cooling subsequently (47).
Soft Pickled Cheese
The "Pickled" group comprises soft uncolored cheese, ripened 
without mold, which may be consumed fresh but more usually after 
maturation in salt solution in sealed containers.
The fresh product is similar to highly salted pot-type cottage 
cheese; the ripened product is substantially different since the curing 
occurs in a brine solution. This brined or pickled product is 
characterized by its smooth, creamy soluble, and sliceable body, 
pleasant acetic acid, salty taste, and mild rancid flavor (39).
The pickled varieties of cheese are of great importance in warm 
climates. They are well suited to both climatic and economic conditions
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of the Balkans and Near East, where they are manufactured extensively. 
The most important varieties of soft pickled cheese are Feta and Taleme 
(Greece), Salamora (Bulgaria and Yugoslavia), Brandza de Braila 
(Romania), Domiati and Kareish (Egypt) (44).
Different varieties of white pickled cheese are made from sheep's, 
goat's, cow's and buffalo's whole milk or from a mixture of varying 
proportions of whole and skim milk (39, 44).
The manufacturing procedure for this type of cheese has not been 
uniform. It has varied with locality, climatic conditions, and tradi­
tion. Regardless of its origin, this type of cheese is usually made 
without the use of added starter cultures. Controlled cooling and 
pasteurization of milk are not generally practiced. Therefore, the 
fermentations which occur during the making and curing are unpredic­
table (44) .
A detailed description for the processing and pickling of Domiati 
cheese has been reported by Fahmi and Sharara (1950). In the method 
described by these investigators, 5-15% salt is added directly to the 
raw milk prior to renneting. The addition of salt tends to counteract 
the high microbial contamination which occurs during the production of 
milk and its manufacture into cheese. After rennet is added, the milk 
is allowed to coagulate and set for 2-3 hours at 35-37.8 °C. Then the 
curd is ladled into metallic molds, wooden forms or frames. Whey 
drainage may last from 1-5 days in the metallic molds and 12-48 hours 
in the wooden receptacles. The moisture content of the fresh cheese 
is about 60%. The cheese can be consumed fresh, or stored in air-tight 
metal containers in a cool place after having been pickled in brine 
prepared from the expelled whey (44).
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Sirry and Kosikowski (1959) studied the preparation of Domiati 
cheese, using pasteurization and hydrogen peroxide treatment of milk. 
They mentioned that pasteurized milk produced Domiati cheese with a 
firm body but without flavor. Hydrogen peroxide application to the 
milk resulted in a high reduction of the original bacterial count, of 
the milk, but the cheese which possessed a slight chemical after taste, 
had a firm body and typical flavor usually associated with good raw- 
milk Domiati cheese (134).
Efthymiou and Mattick (1964) conducted experiments to improve the 
traditional method of making white cheese by using cow's milk, suitable 
starters, and selected lipolytic enzyme preparations. They produced 
a cheese having a salty, pleasant acetic acid taste, mild characteris­
tic rancid flavor, and a smooth, creamy, and sliceable body (39) .
Zerfiridis and Kristoffersen (1968) successfully prepared Feta 
cheese from pasteurized (73°C for 17 sec.) cow's milk using 0.5% of 
a commercial mixed culture of S_. lactis and Ŝ. cremoris ■ A commer­
cial lipase preparation was added to give the cheese its characteris­
tic flavor (172).
Ibrahim (1964) studied the changes which occurred during the 
ripening of Domiati cheese made from raw, pasteurized, and pasteurized 
milk containing added starter Micrococcus and/or Lacto bacillus species. 
He concluded that the most satisfactory Domiati cheese resulted from 
pasteurized milk plus a mixed strain starter (71).
Sharara (1965) studied the effect of milk pasteurization and the 
addition of starter on the yield and composition of Domiati cheese.
His study revealed that pasteurization increased the moisture, fat in 
dry matter, phosphorus, total protein, soluble protein, non-protein
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and ammonia nitrogen content, and decreased that of the calcium. The 
addition of starter resulted in an increased level of fat in the dry 
matter, total protein, soluble protein and non-protein nitrogen, but 
decreased the level of ammonia nitrogen and calcium (133).
Denkov (1973) concluded that homogenization of milk had a benefi­
cial effect on the taste and consistency of the white pickled cheese 
manufactured from cow’s and ewe’s milk (36).
El-Koussy et al. (1974) studied the effect of different rennet 
and calcium chloride levels on preparation of Domiati cheese from 
milk heated to 74° and 85°C. They concluded that milk heated to 74°C
required 20 ml rennet/100 lbs milk, compared with 15 ml/100 lbs for
normal, raw milk to achieve firm curd in 3 hours, and addition of 
calcium chloride was unnecessary. Milk heated to 85°C, required 25 ml 
rennet/100 lbs and 0.05% calcium chloride to produce a firm curd in 
3 hours (41).
Hamdy et al. (1974) and Ibrahim et al. (1975) studied the effect
of increasing milk fat on the composition of Domiati cheese. They
concluded that with the increasing milk fat content, yield and fat 
content of the cheese increased, while moisture content decreased.
Also they mentioned that higher milk fat produced cheese of better 
appearance, flavor and texture, but color was not affected (58, 72).
El-Koussy and Handy (1976) studied the effect of the increased 
acidity of milk from 0.17% to 0.18%, 0.19% and 0.20%, for preparation 
of Domiati cheese, using 0.5% lactic starter. They reported that the 
addition of starter had little effect on fresh cheese yield, but the 
higher the cheese acidity, the greater was the reduction in cheese 
yield. Color and appearance of the cheese were not affected by addition
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of starter, but body and texture scores were reduced in the fresh 
cheese; after storage for two or three months, cheese prepared from 
milks of 0.19% or 0.20% acidity had body and texture markedly inferior 
to that from milk of 0.17%, and an acid flavor was noted (42).
Fahmi and Sharara (1950) studied the effect of salt concentration 
on the texture and composition of the Domiati cheese. They mentioned 
that with increased addition of salt, rennet coagulation was retarded, 
the rate of whey drainage was decreased, and fat losses were increased. 
Also, there was a decrease in the acidity developed in both the cheese 
and the whey. This was apparently due to the inhibitory action of 
salt on the lactic acid bacteria. The amount of salt also affected 
the yield directly by being incorporated into the cheese, and indirect­
ly by causing formation of salt curd which retained a greater percen­
tage of moisture (44).
Zaki et al. (1974) studied the effects of 12 and 15% salt concen­
trations on the organoleptic attributes of Domiati cheese prepared 
from raw or pasteurized mixtures of cow's and buffalo's milk contain­
ing about 4% fat. The highest organoleptic scores were associated 
with batches of cheese from raw milk salted at 12 or 15%. With 
pasteurized milk, 1 2 % salting gave cheese having objectionable pro­
perties, e.g., poor texture and salty flavor (170).
According to the reports of Fahmi and Sharara (1950) and Hofi 
and Tawab (1967), a good quality Domiati cheese manufactured from whole 
cow's milk, when freshly prepared, contained 59 ±  4% moisture, 41 +. 4% 
total solids, 18 ±  2% fat, 4.5 +, 0.5% salt, while 55 +_ 3% moisture,
45 ±  3% total solids, 20 ±  2% fat, and 4.9 ± 6 % salt, after 4 to 6  
months of ripening (44, 70).
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Youssef (1971) reported the chemical composition of a newly 
developed white cheese prepared from a mixture of equal parts of pas­
teurized and raw cow's milk. The average compositions for fresh 
and ripened cheese after 7 weeks were 73.58 and 61.46% moisture,
12.02 and 19.82% fat, 0.20 and 0.78% acidity, 3.66 and 3.43% salt,
7.17 and 11.28% total protein, 2.14 and 3.2 3 % water soluble protein, 
and pH of 6.72 and 5.70, respectively (168).
Hatipoglu (1976) reported the chemical composition of 155 samples 
of white cheese collected in Turkey (64) . The average compositions 
were in agreement with those reported by Fahmi and Sharara (1950) and 
Hofi and Tawab (1967) for Domiati cheese (44, 70).
Abou-Donia and Sirry (1975) reported the results of the chemical 
analysis of 26 samples of Kareish cheese collected from the markets 
of Alexandria City in Egypt as 69.48% moisture, 3.94% salt, 3.73% fat, 
19.16% protein, 0.22% soluble nitrogen, pH of 4.33 and 2.32% titra- 
table acidity (2 ).
Cheese Flavor
In the course of the reactions which occur during the ripening of 
cheese, the protein, fat and carbohydrate are degraded to varying 
degrees to yield a very complex mixture of compounds, some of which 
give rise to the varietal cheese flavors (34).
Fats and Fatty Acids
It has been repeatedly demonstrated that milk fat is essential 
for the typical flavor of most cheese varieties. The fat acts as a 
solvent for many of the flavor components, and the fat is known to 
modify the flavor properties of many compounds. In addition, the fat
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serves as a precursor for a variety of compounds, such as lactones, 
methylketones, esters, alcohols, and fatty acids all of which can be 
derived from milk lipids during cheese ripening and all have been 
found.
The fatty acids have long been recognized as important components 
of cheese. The "peppery" taste in blue cheese has been attributed to 
the C4 , Cg and Cg acids. Many workers have quantitated the short 
chain acids and reported a relationship between taste and free fatty 
acids.
Peterson and Johnson (1949) and Ling (1956) reported that free 
fatty acids (FFA) are important in Cheddar cheese flavor (121, 92).
Kristofferson and Gould (1960) Scarpellino and Kosikowski (1962) 
and Patton (1963) reported that the short chain fatty acids, especially 
acetic acid, were the dominant volatile acids in Cheddar cheese 
(8 8 , 128, 119).
Hofi et al. (1967) in their report on volatile acidity and chemical 
changes in fat in Domiati cheese made from buffalo's milk, assumed that 
the pronounced characteristic flavor of cheese at the end of the 
storage periods was influenced by total volatile acidity rather than 
soluble nitrogen content. They expressed the total volatile fatty 
acids as ml 0.1 N acid per 100 g cheese made from fresh, one-, two-, 
and three-month old cow's milk as 8.90, 15.4, 20.65 and 22.15, respec­
tively (70).
Zerfiridis and Kristofferson (1968) reported that Feta cheese 
which contained approximately 15 mg/g of C4  or longer chain fatty 
acids at two months possessed the most desired flavor (172).
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Efthymiou and Mattick (1964) indicated that the rancid flavor in 
Feta cheese was associated with free fatty acids having 2 to 10 carbon 
atoms in their chain. Objectionable rancid flavor developed in cheese 
with high levels of C a n d  higher fatty acids (39).
Efthymiou (1967) reported a low total free fatty acids value in 
Telema cheese which normally has a very mild flavor. The dominant 
acetic acid ranged from 25 to 46% of the total free fatty acids (40).
Efthymiou and Mattick (1964) reported a low content of free fatty 
acids for mild flavor Feta cheese. Acetic acid comprised a large 
portion (28 to 43%) of the total acids. In the sharp flavored samples 
moderate to excessive amounts of free fatty acids were detected. The 
acetic acid content did not change but its ratio to the total showed
a sharp decrease and ranged between 5 and 12% (39).
Youssef (1971) reported that the volatile fatty acids (C^-Cg), 
and non-volatile long chain fatty acids fC-j^-C^g) appeared to be the
major components contributing to the characteristic flavor of the
white soft cheese that he prepared form mixture of raw and pasteu­
rized milk (116).
Base (1972) reported that acetic acid accounts for a high propor­
tion of the volatile fatty acids of all the cheeses except blue-veined 
Nina cheese which contained mainly butyric and isovaleric acids (14).
Zegarska (1973) reported that large quantities of volatile free 
fatty acids in some cheeses are believed to have arisen from non-lipid 
components of the cheeses (171).
El-Shibiny et al. (1974) reported that during the four months 
ripening period there was a gradual increase in the free fatty acids 
of Domiati cheese made from raw and pasteurized buffalo's, cow's,
mixed milks and skim milk. Cheese from buffalo's and mixed milk had 
higher contents of butyric, valeric, and higher acids after two months 
storage than had skim-milk cheese, but there were negligible differen­
ces in the formation of acetic and propionic acids among the cheeses 
(43) .
McGugan (1974) reported that the key role of the volatile fatty 
acids in Cheddar cheese flavor has been questioned. It is suggested 
that various opinions on the nature of Cheddar flavor stem from the 
fact that there is no accepted standard. The flavor of a young cheese 
may have little in common with that of a mature, full-flavored Cheddar
(102) .
Deeth and Fitz-Gerald (1975) reported that Cheddar cheese manu­
factured from milk which had undergone various degrees of lipolysis 
showed an inverse relationship between level of lypolysis and flavor 
score. The flavor defect that was responsible for downgrading of the 
cheese was attributed to the butyric components. Evidence was presen­
ted to show that activation of the milk lipase system was unlikely to 
be the sole cause of such flavor defects in commercial cheese (35).
Proteins and Amino Acids
The proteins of cheese, with casein as the main component, undergo 
varying degrees of hydrolysis which are dependent upon the cheese varie­
ty and its state of maturity. The amino acids also serve as substrates 
for the microorganisms of cheese and can undergo a variety of reactions 
to yield flavorful compounds (34).
Kosikowski and Dahlberg (1954) reported large quantities of free 
amino acids in several varieties of blue cheese (84).
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Dacre (1953) and Mabbitt (1955) reported that amino acids and 
peptide fractions isolated from cheese bear no resemblance to a typical 
cheese flavor; rather they impart a "brothy" taste which constitutes 
an important background on which the typical flavor is superimposed 
and through which the flavor is enhanced. However, further degradation 
of amino acids serves to introduce a variety of compounds of signifi­
cance to typical flavor of the cheese (29, 98).
Koning (1960) examined Edam, Camembert and Kerhem cheese and 
reported that the free amino acids in these three cheeses had certain 
similarities. He added that every type of cheese investigated had its 
particular peptides pattern, and theorized that a particular type may 
be identified by its peptide pattern (83).
Prodanski (1963) studied the breakdown of paracasein in white 
cheese and Feta cheese made from ewe's milk. After 45, 90 and 180 
days of ripening, the total nitrogen content for Feta cheese was higher 
throughout the ripening than that for white pickled cheese. The amino 
acid content for Feta cheese was about double that for white cheese.
The general amino acid patterns of the two cheese varieties were 
similar, both containing 14-19 different free amino acids but the 
concentrations of individual free amino acids present were significantly 
higher for Feta cheese (123).
Miletic (1970) determined the amino acids in hard cheese produced 
from ewe's milk. He indicated that total free amino acids increased 
steadily during ripening from 2.62 mg/g cheese at 10 days to 31.32 
mg/g at 360 days. Concentration of glutamic acid and tyrosine 
declined after 180 days and that of histidine after 120 days (105).
Kapac-Parkaceva et al. (1974), reported changes in 16 free amino 
acids during 60 days ripening of white soft cheese made from raw cow's 
milk by the conventional process commonly used in Macedonia. The 
total contents of free amino acids reached a peak at 15 days (4.5 
times the initial level), declined steeply during the subsequent 30 
days and remained then almost constant to the 60th day (about 1.9 
times the initial level). In the ripe cheese leucine was present at 
the highest concentration (15.93-16.87 mg/lOOg) and cystine (0.57- 
2.07 mg/lOOg), whereas aspartic acid, threonine and arginine were 
generally present only in trace amounts. Tryptophane was not detec­
ted (77) .
Kapac (1976) reported that the free amino acid content of soft 
white cheese increased from 4.62 to 45.13 mg/lOOg during a 2-month 
ripening period. Leucine, cystine, phenylalanine and alanine accoun­
ted for 89.5% of the free amino acids in ripe cheese. Contents of 
glycine, aspartic acid, proline, serine, threonine and glutamic acid 
were lower in ripe cheese than in the pasteurized milk from which it 
was made, but the cheese contained more free essential amino acids 
than milk (76).
Bitter Flavor in Cheese
Raadsveld (1953) reported first that the bitterness of cheese 
resulted from peptide (124) . Carr et al. (1956) isolated a bitter 
octapeptide from tryptic hydrolyzate of casein (24). Harwalker et al. 
(1965) reported that a bitter peptide isolated from Cheddar cheese 
was composed of several amino acids found in milk protein (63). Czulah 
(1959) ascribed the bitterness of Cheddar cheese to the proteolytic
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activity of rennet to give bitter-tasting peptides in conjunction 
with a deficiency of suitable bacterial processes for degradation of 
the peptides (28).
Lawrence et al. (1969) reported that the development of bitter­
ness in Cheddar cheese was primarily dependent on the use of fast 
acid-producing starters containing specific strains of Streptococcus 
cremoris and Str. lactis (89).
Thvyagintsev et al. (1971) proposed that bitterness results from 
interaction between the pepsin component of rennet and some strains of 
lactic streptococci, and it may be prevented by choice of suitable 
starter streptococci (151).
Buzov et al. (1971) analyzed sterilized milk supplemented with 
calcium carbonate and rennet, inoculated separately with 2 % of each 
of 11 strains of Streptococcus lactis or of 2 strains of Str. cremoris 
and incubated for 7 days. They concluded that irrespective of strep­
tococcus strain the bitter peptides had the same structure and amino 
acid composition (23).
Zvyagintsev (1972) reported that bitter taste in cheese can be 
prevented by adding to the inoculum strains of lactic acid bacteria 
capable of breaking down the bitter products formed during splitting 
of casein (174).
Jago (1974) reported that the control of bitterness is largely 
based on reduction of the proteolytic activity in the cheese so that 
bitter peptides never reach the threshold level for bitter taste;
There does not appear to be any easily applicable method for increasing 
the degradation of bitter peptides to non-bitter products in cheese 
(74) .
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Pelissier (1976) reported that the rare occurrence of bitter 
defects in goat's and ewe's cheese compared to cow's cheese may be 
due to the difference in the structure of the casein in the cow's, 
goat's and ewe's milk (1 2 0 ).
Okhrimenko (1975) reported that in paper chromatographic analysis
of bittei’'components of blue-veined cheese polypeptides with
distance moved by the componentRf (t—   , . - 'Vv 1 —  r 0.85, 0.87, and 0.99distance moved by the solvent front
possessed the bitter taste and the nitrogen content of polypeptides
with Rf = 0.99 was correlated with the degree of bitterness. Free
amino acids possessing bitter flavor were present in the cheese in
concentrations above the sensory threshold level. He also established
a direct relationship between the content of individual or total
amino acids and the degree of bitterness. He also claimed that
some cheeses may contain substances that masks the bitterness of
amino acids (116).
Stradhouders et al. (1975) measured the rennet content and bitter­
ness in ripened cheese prepared in different ways. They found that
(i) lower pH in the cheese milk, due to poor quality or to ripening,
(ii) higher pasteurization temperature for the cheese milk, 82° versus 
74°C, for 10 seconds, (iii) lower cooking temperature in the range of 
30-38°C, or (iv) lower salt content, result in a higher level of 
bitterness and rennet content in the ripened cheese (142).
Schalinatus and Behnke (1975) reported that the 35 bitter pep­
tides isolated from casein hydrolysates and bitter cheese showed very 
similar properties (chromatographic behaviors, solubility, molecular 
weight, etc.). Valine, leucine or isoleucine, proline and tyrosine
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occurred most frequently as terminal amino acids, in certain cases, 
the formation of bitter compounds from casein hydrolysates could be 
somewhat reduced by the addition of polyphosphates. The plastein 
reaction did not lead to a reduction of bitter taste. The bitter 
peptides were found to be most resistant to enzymic degradation (128).
Damicz (1976) reported that the bitter peptide fraction of the 
more bitter or less bitter cheeses have very similar molecular 
weights, and that the degree of bitterness is related to the content 
of alkaline peptides (30).
Dilanyan (1976) reported that in the tests on Gruzinskii and 
Suluguni cheese basic differences were found in the contents of lipid 
compounds in samples with typical flavor and those with stale flavor. 
The incidence of bitter flavor was tentatively attributed partly to 
excessive lipolysis during the ripening of the cheese (38).
Okhrimenko and Chebotorev (1976) reported that the systematic 
determination of total nitrogen, total soluble nitrogen, non-protein 
nitrogen, and nitrogen content of protein, amine, and peptide during 
10, 30, 45 and 65 days ripening of blue cheese prepared by using of 
3 different strains of Penicellium rogueforti showed significant 
correlation between development of bitter taste and levels of soluble 
protein and peptide nitrogen irrespective of strains used. No cor­
relation was observed between bitter taste and contents of total 
and peptide nitrogen (117) .
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MATERIALS AND METHODS
The soybeans chosen for use in this study were Lee 74 variety 
purchased from Dezauche Seed Company, Opelousas, Louisiana. Previ­
ously, Smith and Watanabe in 1960 had reported that among the different 
American varieties of soybeans the Lee variety produced a good quality 
tofu which they rated highest for its properties of coagulation, 
texture and color (137). A bland flavored soymilk was prepared from 
the soybeans. Whole raw milk was obtained from the Department of 
Dairy Science, Louisiana State University.
Three kinds of cheese, Cheese I, Cheese II, and Cheese III, each 
containing different proportions of cow's milk curd and soybean milk 
curd, were prepared. Four distinct operations were involved in making 
the three products, namely, (1 ) preparation of the soybean curd,
(2) preparation of the cow's milk curd, (3) mixing of the soybean and 
cow's milk curds, and (4) packaging of aliquots of the three kinds of 
cheese for ripening.
Each of the three kinds of packaged cheese was ripened for three 
weeks at room temperature, 29.4°C, and for six weeks at refrigeration 
temperature, 4.4°C.
Besides being evaluated organoleptically before storage, aliquots 
of the fresh products were subjected to three major types of instru­
mental analyses - chemical composition, free fatty acids and free 
amino acids. At weekly intervals during the ripening periods aliquots 
of each kind of cheese were removed from storage, analyzed and
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organoleptically evaluated. A total of 90 aliquots of cheese, 30 from 
each of the three kinds of cheese, were used in the instrumental 
analyses.
Preparation of Soybean Curd
An outline of the operations used in preparing soybean curd is 
shown in Figure 1. The soymilk was prepared according to the technique 
described in 1972 by Shroder and Jackson (32). In a one-gallon Waring 
Blendor, the jar of which had been preheated above 95°C by immersion 
in boiling water for five minutes, were placed 1 2 0 0  ml of boiling 
water and 300g of whole soybeans which previously had been rinsed in 
cold tap water. With the Blendor set at medium speed, an additional 
1500-ml portion of boiling water was gradually added to the jar over 
a period of three minutes to facilitate the extraction of proteins 
from the beans and to maintain the temperature of the slurry above 
95°C to prevent activitation of lipoxidases (18, 8 8 , 89). The slurry, 
which consisted of soymilk and residue of coarse materials derived 
from the hulls, while still hot was filtered through muslin cloth 
directly into an aluminum pot surrounded by a water bath at 100°C. The 
filtrate in the pot was then maintained for 30 minutes at approxi­
mately 90°C to inactivate enzymes and microorganisms present in the 
soymilk. During the entire process the temperature of the slurry and 
the filtered milk was maintained between 85° and 95°C.
To precipitate the protein, the soymilk was cooled to 40°C and 
140 ml of 5% aqueous lactic acid (prepared from 88.2% lactic acid, 
reagent grade, obtained from J. T. Baker Chemical Company, Phillips- 
burg, N.J.) was added per liter of the milk with gentle stirring so
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as not to break the curd. The mixture was then allowed to stand for 
one hour at room temperature. The soy curd was separated from the 
whey by transferring the mixture into a muslin cloth bag which was 
manually pressed to reduce the moisture content of the curd to 69 per 
cent.
Preparation of Cow's Milk Curd
An outline of the operations used in preparing cow's milk curd 
is shown in Figure 1. The process was essentially that described by 
Youssef in 1971 with slight modification (116). Whole raw milk was 
allowed to stand at room temperature for two hours to bring about a 
partial breakdown of milk fat and to produce free fatty acids as 
flavoring components. The milk was then pasteurized at 145°F for 30 
minutes to inactivate lipolytic enzymes and microorganisms. To the 
pasteurized milk, cooled to 35°C, was added with stirring 1% inoculum 
of commercial lactic culture obtained from the LSU Department of Dairy 
Science. The mixture was incubated at 35°C for one hour. Rennet, in 
the proportion of 0.5 ml/1 liter milk, was then added with stirring. 
After being incubated at 35°C for three hours, the mixture yielded a 
very smooth curd. By means of a knife the curd was cut into small 
cubes, about 1" x 1", and allowed to stand for 30 minutes. The sepa­
rated whey was decanted until a firm curd containing approximately 
67% moisture was obtained.
Mixing of Soybean Curd and Cow's Milk Curd
Three different kinds of cheese were prepared for use in this 
study. For each kind the sum of the volumes of starting materials, 
i.e. soymilk and cow's milk, totalled 24 liters.
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Cow's Milk Curd
Whole raw milk 
4
Set for 2 hours at 
room temperature
1 oPasteurxze at 52.7 C, 
for 30 minutes
4
Cool to 35°C 
4-
Add 1% commercial 
lactic culture
4
Incubate at 35°C, 
for 1 hour
4-
Add 5 ml rennet per 
1 0  liters of milk
4-
Incubate at 35°C for 
3 hours
1
Cut the curd 
4
Drain the whey for 
1  hour
Soybean Milk Curd
Lee variety soybeans 
4-
Rinse once with cold tap water 
4-
Place in preheated Blendor 
with 4 parts boiling water
1
Blend for three minutes at 
medium speed, while adding 
boiling water to bring the 
mixture to 9:1 proportion 
of water to soybeans
4-
Place the mixture in muslin 
cloth to separate the milk 
from residue
4
Heat the milk for 30 minutes at 
about 95°C
4
Cool the milk to 40 C 
4
Add 140 ml of 5% lactic acid 
per 1  liter of soymilk
4
Allow to stand for 1 hour 
at room temperature
4
Transfer the curd into muslin 
cloth and drain the whey
4
Press to about 69% moisture
Figure 1. Outline of the Preparation of Cow's Milk and Soybean Curds
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Cheese I was prepared by mixing the curd from 18 liters of cow's 
milk with the curd from 6  liters of soymilk which corresponded to a 
3:1 proportion of cow's milk to soymilk.
Cheese II was prepared by mixing the curd from 16 liters of cow's 
milk with the curd from 8  liters of soymilk which corresponded to a 
2 : 1  proportion of cow's milk to soymilk.
Cheese III was prepared by mixing the curd from 12 liters of cow's 
milk with the curd from 1 2  liters of soymilk which corresponded to a 
1 : 1  proportion of cow's milk to soymilk.
An outline of the procedure used for mixing the two curds is 
given in Figure 2.
In preparing each of the three kinds of cheese, appropriate 
amounts of the two curds described above were cut into 1 " x 1 " cubes 
and placed in a 1-gallon Waring Blendor. The mixture was blended at 
low speed for three minutes. A long spoon was used to stir the top 
part of the mixture, thus facilitating the blending process by bringing 
any motionless pieces of curd into the stream of vortex spiral motion 
of the slurry. During the blending process, 24 ml of 0.5% aqueous 
diacetyl solution and 132g of sodium chloride were added to the slurry. 
After completion of the blending process, the slurry was transferred 
to a muslin cloth bag and subjected to manual pressure to bring the 
moisture content between 50 to 60 per cent.
Packaging and Storage of the Cheese
Each of the three kinds of cheese (Cheese I, II, and III) was cut 
into 3" x 4" x 1" rectangular blocks which were dipped into a solution 
of 1 % sorbic acid to prevent growth of mold on the surface during 
storage (115). Each block of cheese was then wrapped in a plastic
Cow's Milk Soybean Milk
Curd prepared from: Curd prepared from:
18 liters of cow''s milk for Cheese I 6  liters of soymilk
16 1! for Cheese II 8 I
1 2  " " " I for Cheese III 1 2 I
Curd cut into 1" 
1
x 1 " pieces Curd cut into 
4-
1 " x 1 "
Transfer the pieces of cow's and soymilk curds to a 1-gallon Waring Blendor
4-
Add 132 grams of table salt 
4-
Add 24 Milliliters of 0.5 per cent aqueous diacetyl solution
4-
Blend for three minutes at low speed
1
Transfer the mixture to muslin cloth bag
4-
Press to 50 - 60 per cent moisture




Cheese I, II, III Transfer sufficient 
amount to freezer 
(-17.7 C) for future 
chemical analyses
Figure 2. Outline of the Process for Mixing Curds of Cow's Milk and Soybean Milk
sheet which had been cut from an S.101 clear, shrinkpack bag, Cryovac, 
manufactured by W. R. Grace and Company, Duncan, South Carolina, and 
obtained through the courtesy of the LSU Department of Dairy Science. 
The wrapped cheese blocks were placed into plastic shrinkpack bags 
from which excess air was then exhausted by means of a small vacuum 
pump. The mouth of the bag was tied with a heavy duty string. The 
empty part of the bag was folded around the packaged cheese so as to 
prevent access of air into the bag. The packages of each of the three 
kinds of cheese were divided into two lots, one for ripening at 4.4°C
i
and the other for ripening at room temperature, 29.4°C. An outline of 
the packaging and storage procedures is given in Figure 3.
Chemical Analysis of Soymilk
Chemical analyses of the soymilk were conducted according to the 
Official Methods of Analysis of the Association of Official Analytical 
Chemists (AOAC, 1975) for fat by the Babcock method, total nitrogen by 
the Kjeldahl method, and total solids (172).
Analyses of Cheese for Chemical Composition,
Free Fatty Acids, Free Amino Acids and Ammonia
The changes in chemical composition of the three kinds of cheese
were monitored throughout the ripening periods. Aliquots of the fresh
and aged cheese samples, the latter removed from storage at weekly
intervals, were subjected to analyses for moisture, fat, sodium
Chloride, total protein, water soluble protein, and titratable acidity.
The pH value of each aliquot was determined, as were also the amounts
of eleven free fatty acids, thirteen free amino acids and ammonia
present in each aliquot. The eleven free fatty acids were: acetic,
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Cheese I, II, and III 
(Freshly Prepared Products)
4-
Cut the cheese into 3" x 4" x 1" blocks
1
Dip the blocks into a 1% sorbic 
acid solution
I
Wrap the blocks in plastic sheets 
prepared from shrinkpack bags
4-
Place the wrapped blocks into shrinkpack bags
Tie the mouth of the bag using a heavy
4-




Packaged product ready for 
•______ storage
1
Store 1/3 of the packed 
bags at room temperature 
(29.4°C)
Store 2/3 of the packed 
bags at refrigeration 
temperature (4.4°C)
Carry out weekly organoleptic 
evaluation, and transfer 
sufficient amount to the 
freezer (-17.7°C) for 
future chemical analyses 
up to three weeks from the 
first day of storage
Carry out weekly organoleptic
evaluation, and transfer 
sufficient amount to the 
freezer (-17.7°C) for
future chemical analyses 
up to six weeks from the 
first day of storage
Figure 3. Outline of Procedures Used for Packaging and Storage of the 
Throe' Kinds of Cheese
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propionic, n-butyric, n-valeric, caproic, caprylic, capric, lauric, 
myristic, palmitic, and stearic. The thirteen free amino acids were: 
cystine, glutamic acid, leucine, valine, aspartic acid, serine, lysine, 
phenylalanine, tyrosine, methionine, alanine, isoleucine, and proline.
The analyses of the cheese samples for five substances, moisture, 
fat, total solids, total nitrogen and water soluble nitrogen were con­
ducted according to AOAC procedures (172), namely, the vacuum oven 
method for moisture, the Roese-Gottlieb method for fat, total solids 
method for solids present, and the Kjeldahl method for total and water 
soluble nitrogen.
The water soluble proteins were recovered according to the pro­
cedure described by Youssef (116). The aliquot of cheese was placed 
with hot distilled water in a test tube (with air-tight screw cap).
It was then well mixed using a dual super-mixer. The mixture was 
centrifuged at 4,000 rpm for 10 minutes. The supernatent was collected 
and filtered through Whatman No. 40 filter paper. The filtrate was 
used for nitrogen determination.
The conversion factors of 6.38 and 6.25 have been used to calculate 
the total protein in cow's milk and soymilk, respectively (172). In 
order to calculate total protein and water soluble proteins in the 
cheese samples, the conversion factors of 6.35, 6.33, and 6.31 were 
used for Cheese I, Cheese II, Cheese III, respectively. The conversion 
factors were calculated according to the proportions of cow's milk and 
soymilk used in preparing the three kinds of cheese.
The "Modified Volhard Test with Nitrobenzene" described by 
Kosikowski was used for sodium chloride determination in the cheese 
samples (173).
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Titratable acidity and pH were determined according to Youssef 
(116), and Ling (125), respectively.
A Perkin-Elmer 3920 gas chromatograph equipped with a flame 
ionizing detector was used for the free fatty acids analyses. The 
output of the hydrogen flame detector circuit was recorded on a 
Perkin-Elmer 56 recorder.
The four short-chain fatty acids, acetic, propionic, n-butyric, 
and n-valeric, were determined according to the Cottyn and Boucque 
method (169), modified for cheese samples by Youssef (116). A solu­
tion consisting of 3 parts 25% metaphosphoric acid and 1 part 5% 
formic acid was used for the extraction of short-chain free fatty 
acids. The gas chromatograph was equipped with a glass column,
4' x 1/8" i.d., packed with Chromosorb 101, 60-80 mesh. The helium 
flow rate was adjusted to 75 ml/min. The air and hydrogen pressures 
were 50 and 18 psi, respectively. A temperature programing from 120° 
to 170°C at a rate of 10°C/min. was used to obtain sharp peaks to 
facilitate the calculations.
Long-chain free fatty acids, Cg to C-̂ g, were extracted from the 
cheese using BDI reagent (a mixture of nonionic surface-active agent 
and sodium tetraphosphate, "Calgon", in water) according to the pro­
cedure of Thomas et al. (170). The methyl esters of the long-chain 
free fatty acids were prepared according to the method of Smith using 
ethyl chloride as solvent, methanolic KOH as methylating agent, with 
heating in a 50°C water bath for one hour (175).
A 6 ' x 1/4" i.d. glass column packed with 10% Apiezon L on 80/100 
Chromoport XXX, was used for gas chromatographic analysis. The helium
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flow rate was 65 ml/min. The air and hydrogen pressures were 50 and 
18 psi, respectively.
In order to measure the quantities of the eight long-chain free 
fatty acids present, two injections were made for each sample. One 
injection was made to measure Cg, Cg, and C^q acids using a temperature 
programing from 150°C to 180°C at a rate of 10°C/min., and the second 
injection was made for C12r C 1 4 » C16' and C18 acads at an isothermal 
temperature of 220°C.
The injection block was maintained at 250°C to provide rapid 
vaporization of the injected fluid in all of the gas chromatographic 
analyses.
The free amino acid and ammonia contents of the cheese samples 
were determined by conventional procedures with a Beckman Model 119 
Automatic Amino Acid Analyzer. The free amino acids were extracted 
from the cheese samples according to the method of Moore, Spackman 
and Stein, using picric acid for protein precipitation and a Dowex 
2-X8 resin bed for removing picric acid from the solution (171). The 
technical operation of the Amino Acid Analyzer was performed by 
Dr. Ernest W. Blakeney, Jr., LSU Department of Biochemistry, for all 
amino acids and ammonia determinations.
Organoleptic Evaluations
In order to obtain information about product acceptability 
associated with fifteen organoleptic characteristics, namely, general 
appearance, color, odor, smoothness, firmness, elasticity, graininess, 
mouthfeel, cheese flavor, beany flavor, rancidity, acidity, bitterness, 
saltiness and spreadability, samples of the three kinds of cheese
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stored at 4.4°C and 29.4°C were evaluated at weekly intervals for 
periods of six and three weeks, respectively. The evaluations were 
made by two panels of five judges each. One panel (Panel 1) of 
judges familiar with the traditional characteristics of Iranian white 
pickled cheese was composed of five Iranian students enrolled in 
various academic disciplines at Louisiana State University. The other 
panel (Panel II) was composed of five native Americans majoring in 
Food Science at the same university.
A copy of the 5-point score sheet used for product evaluation is 
shown in Appendix Table la.
With the cooperation of the LSU computer center, Department of 
Experimental Statistics, the appropriate data for each of the fifteen 
organoleptic attributes were evaluated according to (1) a 2 x 2 x 3 x 4  
factorial arrangement of treatments ( 2 panels of judges x 2  levels 
of storage temperature x 3 kinds of cheese x 4 levels of elapsed time 
during storage) with 5 replicates (judges), and (2) a 2 x 3 x 7 fac­
torial arrangement of treatments (2 panels of judges x 3 kinds of 




In some exploratory tests of feasibility dealing with the 
preparation of (1 ) soymilk, (2 ) curd from mixtures of soymilk and 
cow's milk, (3) curd from soymilk, (4) curd from cow's milk, (5) blends 
of soymilk curd and cow's milk curd, and (6 ) organoleptically accep­
table cheese-type products containing different proportions of soymilk 
curd and cow's milk curd, different methods of laboratory procedure 
were examined.
The traditional method of preparing soymilk by soaking the beans 
overnight in cold water followed by cold water extraction (60) yielded 
a soymilk having a strong painty flavor which was organoleptically 
unacceptable. Steaming and drying of the dehulled beans prior to ex­
traction as described by Schroder and Jackson (129), followed by heat 
treatment of the slurry of ground beans and water as described by Smith 
and Circle (140) , yielded a product which was difficult to filter be­
cause of the presence in the milk of very fine particles which clogged 
the pores of the muslin cloth filter. A bland flavored, organoleptic­
ally acceptable soymilk was obtained by extracting unsoaked soybeans 
with boiling water and maintaining the temperature above 85°C during 
the operations of extraction, filtration and heat treatment as described 
by Schroder and Jackson (130).
Attempts to prepare a firm curd from mixtures of soymilk and cow's 
milk were not successful. Inoculation of mixtures of the two milks with 
commercial lactic culture and rennet followed by incubation at 37°C 
yielded an unsatisfactory soft curd consisting of two layers with the 
cow's milk curd on top and the soymilk curd on the bottom. Cutting and
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mixing the two layers led to difficulties because the curds, when 
disturbed, tended to dissolve in the whey, thus resulting in unsatis­
factory yields. The endeavor to prepare a solid curd from a mixture 
of the two types of milk was discontinued. Attention was then turned 
to the possibility of blending separately prepared curds from soymilk 
and cow's milk.
Attempts to prepare soymilk curd by precipitating the protein in 
soymilk with calcium sulfate were unsatisfactory. The precipitated 
protein was difficult to recover because of the very finely divided 
nature of the resulting particles. Lactic acid, however, was found 
to be a satisfactory agent for precipitating the protein in soymilk.
It was determined that the addition of 140 ml of 5% aqueous lactic 
acid per liter of soymilk lowered the pH to the isoelectric point of 
the proteins yielding a precipitate having a firm structure that 
facilitated draining of the whey without breaking the structure of 
the curd.
A curd was prepared from cow's milk according to the procedure 
employed by Youssef (116) who used equal amounts of raw milk and pas­
teurized homogenized milk as starting materials, with sodium chloride 
being added prior to the addition of rennet. It was found that the 
resulting curd was very mild in flavor and the texture of the curd was 
unduly soft. Youssef's procedure was modified by (a) using only whole 
raw milk as the starting material, (b) allowing the milk to set for 
two hours, instead of one hour, at room temperature before pasteuri­
zation, and (c) omitting the addition of sodium chloride. These 
minor changes in procedure gave a satisfactory cow's milk curd having 
a firmer texture and a stronger flavor.
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After being drained, the separately prepared soymilk curd and 
cow's milk curd were mixed together in a Waring Blendor with the 
addition of sodium chloride as a flavoring agent and inhibitor of 
growth of undesirable microorganisms. It was found that the addition 
of a trace of diacetyl ( 2 ppm as calculated from the sum of volumes,
24 liters, of the two milks used) during the blending operation 
improved the flavor of the product.
The cow's milk used in this study contained 3.5% fat and 3.0% 
protein. The soymilk, pale yellow in color and very bland in flavor, 
contained 2.6% fat, 4.0% protein, and 9.0% total solids.
Initial Composition of the Three Kinds of Cheese
The results of the chemical analyses of the freshly prepared 
three kinds of cheese with respect to pH values and the percentages 
of moisture, fat, titratable acidity, sodium chloride, total protein, 
water soluble protein, dry matter, and other material (ash, etc. com­
puted by difference between dry matter and the sum of the values for 
fat, titratable acidity, sodium chloride and total protein) on both 
wet- and dry-weight bases are shown in Table VIII.
As the proportion of soy curd increased from 1:3 in Cheese I to 
1:2 in Cheese II and to 1:1 in Cheese III, the corresponding moisture 
contents increased from 52.88 to 55.77 and to 61.15g moisture/lOOg 
cheese. These values indicated that an increase of about one per cent 
soy curd in the cheese was associated with an increase of approxi­
mately 0.331% in moisture content.
The pH values also increased as the proportion of soy curd in the 
cheese increased, but the values (wet basis) for fat, titratable
TABLE VIII
INITIAL COMPOSITION OF THE THREE KINDS OF CHEESE
COMPOSITION (wet basis = g/lOOg fresh cheese; dry basis = g/lOOg dry matter)
Difference in Composition
Curd Ratios: 1 SB:3 CM 1 SB:2 CM 1 SB: 1 CM Cheese I Cheese I
Minus Minus
Cheese I Cheese II Cheese III Cheese II Cheese III
Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
Moisture % 52.88 — 55.77 — 61.15 — -2.89 — -8.27 —
Fat % 25.28 53.65 22.67 51.25 18.46 47.52 2.61 2.40 6.82 6.13
Acidity % 2.05 4.35 1.96 4.43 1.73 4.45 0.09 -0.08 0.32 -0 . 1 0
pH 4.52 — 4.58 — 4.70 -0.06 — -0.18 —
Salt % 2.14 4.54 2.04 4.61 1.95 5.02 0 . 1 0 -0.07 0.19 -0.48
Total Protein % 14.85 31.52 14.03 31.72 12.56 32.33 0.82 -0 . 2 0 2.29 -0.81
Water Soluble 
Protein % 1.15 2.44 1 . 0 1 2.28 0 . 8 6 2 . 2 1 0.14 0.16 0.29 0.23
Dry Matter % 47.12 1 0 0 . 0 0 44.23 1 0 0 . 0 0 38.85 1 0 0 . 0 0 2.89 0 . 0 0 8.27 0 . 0 0
Other %
(by difference)
2.80 5.94 3.53 7.98 4.15 1 0 . 6 8 -0.73 -2.04 -1.35 -4.74
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acidity, sodium chloride, total protein, water soluble protein and 
dry matter decreased as the proportion of soy curd increased.
The initial fat values (wet basis) were 25.28, 22.67 and 18.46g 
fat/lOOg cheese for Cheese I, II and III, respectively. These values 
indicated that an increase of about one per cent soy curd in the 
cheese was associated with a decrease of approximately 0.273% in fat 
content.
As the proportion of soy curd in the cheese increased, the 
initial values (dry basis) for titratable acidity, sodium chloride 
and total protein increased slightly, whereas those for fat and water 
soluble protein decreased. Of the various components delineated in 
Table VIII for the initial composition of the three kinds of cheese 
(dry basis), fat was the substance most affected by increasing pro­
portions of soy curd in the cheese. As the proportions of soy curd 
increased from 1:3 to 1:2 and to 1:1, the percentages (dry basis) of 
fat decreased from 53.65% to 51.25% and to 47.52% for Cheese I, II 
and III, respectively. These dry-weight values indicated that an 
increase of about one per cent soy curd in the cheese was associated 
with a decrease of approximately 0.245% in fat content.
The initial acid values (wet basis) were 2.05, 1.96 and 1.73g 
acid/lOOg cheese for Cheese I, II and III, respectively. These values 
indicate that an inverse relationship existed between the amounts of 
soy curd and titratable acidity present in the cheese samples.
The corresponding pH values of 4.52, 4.58 and 4.70 for Cheese I, 
II and III, respectively, reflected the diminishing hydrogen ion
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concentration in the three kinds of cheese as the proportion of soy 
curd increased in the cheese samples.
An inverse relationship existed between the amounts of soy curd 
and sodium chloride present in the three kinds of cheese. The sodium 
chloride values (wet basis) were 2.14, 2.04 and 1.95g NaCl/lOOg 
cheese for Cheese I, II and III, respectively.
The initial total protein values (wet basis) were 14.85, 14.03 
and 12.56g protein/lOOg cheese for Cheese I, II and III, respectively. 
The corresponding values for water soluble protein were 1.15, 1.01 
and 0.86g/100g cheese. These values indicate the existence of an 
inverse relationship between soy curd content and both kinds of pro­
tein. The values of the ratio, total protein/water soluble protein, 
found for the three kinds of cheese were 12.91, 13.89 and 14.60 for 
Chese I, II and III, respectively. Since increasing amounts of soy 
curd were associated with decreasing amounts of both total protein 
and water soluble protein in the cheese, these ratios indicate that 
the content of water soluble protein was diminished to a greater 
extent by the increasing proportions of soy curd than was the content 
of total protein.
Initial Amounts of Eleven Free Fatty Acids 
in the Three Kinds of Cheese_______________
The results of the gas chromatographic analyses of the freshly 
prepared three kinds of cheese for the amounts of eleven free fatty 
acids, namely, acetic, propionic, n-butyric, n-valeric, caproic, 
caprylic, capric, lauric, myristic, palmitic and stearic, on both 
wet- and dry-weight bases are presented in Table IX.
TABLE IX
Amounts of Eleven Free Fatty Acids Initially Present in the Three Kinds of Cheese
INITIAL AMOUNTS (wet basis = pmol acid/lOOg fresh cheese; dry basis = ymol acid/lOOg dry matter)
Ratios: 1 SB:3 CM 
Cheese I
Difference in Amounts (dry basis)
Curd
Fatty
1 SB:2 CM 
Cheese II
1 SB:I CM Cheese I
Minus




Acid Wet Dry Wet Dry Wet Dry mol % mol %
Acetic 40.5 8 6 31.0 70 2 1 . 8 56 16 18.60 30 34.88
Propionic 8.5 18 5.7 13 7.0 18 5 27.78 0 0 . 0 0
Butyric 10.4 2 2 8 . 0 18 5.8 15 4 18.18 7 31.82
Valeric 15.5 33 1 2 . 8 29 1 0 . 1 26 4 1 2 . 1 2 7 2 1 . 2 1
Caproic 152.7 324 132.7 300 96.3 251 24 7.41 73 22.53
Caprylic 100.4 213 6 6 . 8 151 47.0 1 2 1 62 29.11 92 43.19
Capric 170.6 362 140.7 318 8 6 . 2 2 2 2 44 12.15 140 38.67
Louric 171.0 363 153.5 347 87.8 226 16 4.41 137 37.74
Myristic 479.7 1018 430.8 974 260.7 671 44 4.32 347 34.09
Palmitic 1385.3 2940 1243.3 2811 907.1 2335 129 4.39 605 20.58
Stearic 756.3 1605 678.5 1534 471.3 1213 71 4.42 392 24.42
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As the proportion of soy curd in the cheese samples increased 
from 1:3 to 1:2 and to 1:1 in Cheese I, II and III, respectively, the 
amounts of each of the eleven fatty acids progressively decreased.
This finding indicated that an inverse relationship existed between 
the amounts of soy curd and free fatty acids present in the cheese 
samples.
Arranged in ascending order of rank, based on the number of 
micromols of acid per 1 0 0  grams of cheese, the sequence of acids for 
each of the three kinds of cheese was the same, namely, propionic, 
n-butyric, n-valeric, acetic, caprylic, caproic, capric, lauric, 
myristic, stearic and palmitic. The amounts of the four short-chain 
fatty acids, C2  through C5 , ranged from 5.7 umol of propionic acid 
in Cheese II to 40.5 umol of acetic acid in Cheese I, per 100 grams 
of cheese. Among the seven long-chain fatty acids, C6  through CqQf 
the amounts ranged from 96.3 umol of caproic acid in Cheese III to 
1385.3 ymol of palmitic acid in Cheese I. The ratio of the most 
abundant acid, palmitic, to the least plentiful, propionic, ranged 
from 130 for Cheese III, to 163 for Cheese I, and to 218 for Cheese II. 
Percentagewise, the acid least affected by increasing proportions of 
soy curd in the cheese was propionic acid which was reduced by 32.9%, 
whereas the acid most affected was caprylic acid which suffered a 
53.2% reduction. The percentages by which the other acids were dimin­
ished as the proportion of soy curd in the cheese samples increased 
from 1:3 to 1:1 were: palmitic, 34.5%; n-valeric, 34.8%; caproic,
36.9%; stearic, 37.7%; n-butyric, 44.2%; myristic, 45.7%; acetic,
46.2%; lauric, 48.7%; and capric, 49.5%. Depending upon the extent
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by which the amounts of acids in the cheese samples were diminished 
by increasing proportions of soy curd, the eleven fatty acids may be 
roughly divided into two broad categories, (1 ) those diminished by 
38% or less, and (2) those diminished by 44% or more. In the first 
category would be the C 3 , C5 , Cg, C^g and C1 8  acids; in the second 
category would be the C2, C4 , Cg, Cqg, C ^ 2  anĉ  c14 acids.
Initial Amounts of Thirteen Free Amino Acids 
in the Three Kinds of Cheese_________________
In Table X are given the results of the amino acid analyses of 
the three kinds of cheese for alanine, aspartic acid, cystine, glu­
tamic acid, isoleucine, leucine, lysine, methionine, phenylalanine, 
proline, serine, tyrosine and valine, listed in descending order of 
their occurrence in Cheese I.
Alanine, osoleucine and proline were present in Cheese I, II 
and III, but in quantities too small to be measured.
Lysine and methionine were present in each of the three kinds of 
cheese; in Cheese II both amino acids occurred in measurable quantities. 
Lysine in Cheese I and methionine in Cheese III also were present in 
measurable quantities, but lysine in Cheese III and methionine in 
Cheese I occurred in amounts insufficient for measurement.
The remaining six amino acids, aspartic acid, cystine, glutamic 
acid, leucine, serine, and valine (and lysine, methionine, phenylala­
nine and tyrosine as well) may be categorized into four groups, A, B,
C, and D, according to the way the increasing proportions of soy curd 
from 1:3 to 1:2 and to 1:1 in Cheese I, II and III, respectively,
TABLE X
Amounts of Thirteen Free Amino Acids Initially Present in the Three Kinds of Cheese
INITIAL AMOUNTS (wet basis = mg acid/lOOg fresh cheese; dry basis = mg acid/lOOg dry matter)
Difference in Amounts (dry basis)




Cheese I Cheese II Cheese III Cheese II Cheese III
Wet Dry Wet Dry Wet Dry mg Q.-o mg %
Cystine 99.0 210 92.4 209 70.3 181 1 0.48 29 13.80
Glutamic acid 37.7 80 46.9 106 40.0 103 -26 32.50 -23 28.75
Leucine 29.2 62 18.6 42 10.9 28 20 32.26 34 54.84
Valine 20.3 43 24.3 55 24.5 63 -12 27.91 -20 46.51
Aspartic acid 16.5 35 11.1 25 13.2 34 10 28.57 1 2.86
Serine 15.5 33 15.0 34 15.9 41 -1 3.03 -8 24.24
Lysine 4.2 9 2.2 5 + -f* 4 44.44 9 11.11
Phenylalanine + + 9.3 21 + + -21 2100.00 + 0.00
Tyrosine + + 6.2 14 + "fr* -14 1400.00 + 0.00
Methionine + + 5.7 13 6.6 17 -13 1300.00 -17 1700.00
Alanine + + + + + + + 0.00 + 0.00
Isoleucine + + + + + + + 0.00 + 0.00
Proline + + + + + + + 0 . 0 0 + 0 . 0 0
+ indicates the presence of these amino acids in unmeasurable quantities
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affected the amounts (wet basis) of these ten amino acids in the 
cheese samples:
Group A, Positive Relationship; the amounts of methionine and 
valine progressively increased as the proportions of soy curd in the 
cheese increased.
Group B, Negative Relationship; the amounts of cystine, leucine 
and lysine progressively decreased as the proportions of soy curd in 
the cheese increased.
Group C, Mixed Relationship; the amounts of glutamic acid, 
phenylalanine and tyrosine increased as the proportion of soy curd in 
the cheese increased from 1:3 to 1:2, but then decreased as the pro­
portion of soy curd increased from 1:2 to 1:1.
Group D, Mixed Relationship; the amounts of aspartic acid and 
serine decreased as the proportion of soy curd in the cheese increased 
from 1:3 to 1:2, but then increased as the proportion of soy curd 
increased from 1:2 to 1:1.
Initial Amounts of Ammonia 
in the Three Kinds of Cheese
The ammonia contents (wet basis) of Cheese I, II and III were 
41.9, 24.3 and 18.3 mg NH3/100g cheese, respectively. The corres­
ponding dry-weight values were 89, 55 and 49 mg NH3/100g dry matter, 
respectively. These values indicate that an inverse relationship 
existed between the amounts of soy curd and ammonia in the cheese 
samples.
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Effects of Increasing Proportions 
of Soy Curd in Cheese on Initial Values 
for Chemical Composition, Free Fatty Acids,
Free Amino Acids and Ammonia
The results in Tables VIII, IX and X of the various analyses of 
the three kinds of cheese indicated the following regarding the 
effects of increasing proportions of soy curd in the cheese on the 
presence of 33 different chemical parameters:
(1) The values (wet basis) for moisture, fat, titratable acid­
ity, sodium chloride, total protein, water soluble protein and dry 
matter all decreased, whereas the pH values increased.
(2) On a dry-weight basis, the values for fat and water soluble 
protein decreased while the values for titratable acidity, sodium 
chloride, and total protein showed slight increases.
(3) The values (wet basis) for each of the eleven free fatty 
acids, namely, acetic, propionic, n-butyric, n-valeric, caproic, 
caprylic, capric, lauric, myristic, palmitic, and stearic progres­
sively decreased.
(4) With the single exception of propionic acid in Cheese II and 
III, the dry-weight values of the free fatty acids also progressively 
decreased.
(5) Alanine, isoleucine and proline were present in all three 
kinds of cheese but in quantities too small to be measured; that is, 
these three amino acids were not affected by increasing proportions 
of soy curd.
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(6) The values for methionine and valine progressively increased, 
whereas those for cystine, leucine and lysine progressively decreased.
(7) The values for glutamic acid, phenylalanine and tyrosine 
increased at first, but then decreased when the proportion of soy 
curd was 1:1.
(8) The values for aspartic acid and serine decreased at first, 
but then increased when the proportion of soy curd was 1:1.
(9) The ammonia values increased progressively as the proportions 
of soy curd increased from 1:3 to 1:2 and to 1:1 in Cheese I, II and 
III, respectively.
Effects of Storage at 4.4°C and at 
29.4°C on the Chemical Composition 
of the Three Kinds of Cheese
In the following eight tables, Tables XI - XVIII for moisture, 
fat, titratable acidity, hydrogen ion concentration, sodium chloride, 
total protein, water soluble protein and dry matter, respectively, 
are given the results of the chemical analyses of the three kinds of 
cheese for aliquots stored at 4.4°C for six weeks and at 29.4°C for 
three weeks.
After six weeks storage of the cheese samples at 4.4°C, the 
moisture losses were 0.48, 0.56 and 0.68 g/lOOg cheese which corre­
sponded to 0.91, 1.00 and 1.11% of the amount of moisture initially 
present in Cheese I, II and III, respectively. Similarly, after 
three weeks storage of the samples at 29.4°C, the moisture losses 
were 1.73, 2.05 and 2.35g/100g cheese, which corresponded to 3,27,
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3.68 and 3.84% of the moisture initially present in Cheese I, II 
and III, respectively. These data indicated that the greater the 
content of soy curd in the cheese, the greater during storage were 
the moisture losses, not only in absolute amount, but also relative 
to the initial moisture content of the cheese.
TABLE XI
Moisture Content of Three Kinds of Soy Cheese Stored 
at 4.4°C for 6 Weeks and at 29.4°C for 3 Weeks 
(wet basis = g/lOOg cheese)
Storage Temperature (°C)_______
Storage  4.4° 29.4°_________
Time Cheese Cheese Cheese Cheese Cheese Cheese
(Weeks) I II III I II III
0 52.88 55.77 61.15 52.88 55.77 61.15
1 52.70 55.67 61.03 52.68 54.70 60.63
2 52.50 55.75 60.80 51.82 54.05 59.15
3 52.65 55.72 60.50 51.15 53.72 58.80
4 52.50 55.53 60.77 ... ... • • •
5 52.40 55.33 60.60 ... • • • • • •
6 52.40 55.21 60.47 ... ...
During the six weeks period of storage at 4.4°C, the mean weekly 
rates of moisture loss for Cheese I, II and III, based on the initial 
moisture content of the cheese, were approximately 0.15, 0.17 and 
0.18, respectively; the corresponding rates of loss during three weeks 
storage at 29.4°C were 1.09, 1.23 and 1.28%. These findings indicated 
that the cheese samples stored at 29.4°C lost moisture about seven 
times faster than did the samples stored at 4.4°C.
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Van Slyke and Price (155) pointed out that six factors,
(1) temperature and (2) relative humidity of the air in the curing 
room, (3) moisture content and (4) quality of the cheese, (5) size 
and shape of the cheese, and (6) use of paraffin or type of wrapping 
affected the rapidity and extent of loss of moisture in cheese. In 
the present investigation various of these factors undoubtedly 
affected the moisture content of the cheese.
TABLE XII
Fat Content of Three Kinds of Soy Cheese Stored 
at 4.4°C for 6 Weeks and at 29.4°C for 3 Weeks 
(wet basis = g/lOOg cheese)
Storage Temperature (°C)_______
Storage  4.4° 29.4°_________
Time Cheese Cheese Cheese Cheese Cheese Cheese
(Weeks) I II III I II III
0 25.28 22.67 18.46 25.28 22.67 18.46
1 25.35 22.72 18.45 25.37 22.86 18.43
2 25.46 22.68 18.55 25.80 23.03 18.92
3 25.39 22.69 18.66 26.13 23.76 19.26
4 25.47 22.73 18.52 ... ... • « •
5 25.64 22.84 18.38 • • • ... • • *
6 25.51 22.82 18.66 * * * ...
At the end of the two storage periods all three kinds of
cheese showed small apparent gains in fat content. These gains 
amounted to 0.23, 0.15 and 0.20g/100g cheese for Cheese I, II and 
III, respectively, stored at 4.4°C for six weeks. The values for 
the corresponding samples stored at 29.4°C for three weeks were 0.85,
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1.09 and 0.80, respectively. These small apparent gains in fat 
content are to be attributed to gradual losses of moisture from the 
samples during storage.
TABLE XIII
Titratable Acid Content of Three Kinds of Soy Cheese Stored 
at 4.4°C for 6 Weeks and at 29.4°C for 3 Weeks 
(wet basis = g/lOOg cheese; dry basis = g/lOOg dry matter)
_______ Storage Temperature (°C)________
Storage __________ 4 4°___________ 29.4^________
Time Cheese Cheese Cheese Cheese Cheese Cheese







0 2.05 1.96 1.73 2.05 1.96 1.73
1 2.09 2.03 1.74 2.38 2.12 2.09
2 2.05 1.97 1.80 2.66 2.39 2.23
3 2.23 2.14 1.95 2.59 2.35 2.19
4 2.24 2.08 1.93 • • • • • • • • •
5 2.28 2.11 1.95 ... * - o ...
6 2.25 2.09 1.91 • * • • • • • * •
0 4.35 4.43 4.45 4.35 4.43 4.45
1 4.42 4.58 4.47 5.30 4.65 5.31
2 4.32 4.45 4.59 5.52 5.20 5.46
3 4.70 4.83 4.94 5.30 5.08 5.32
4 4.72 4.68 4.92 • • • - • • • • •
5 4.79 4.72 4.95 • • • • • • • • •
6 4.73 4.67 4.83 ... ... ...
In Table XIII above are given the titratable acid values (wet and 
dry bases) for samples of the three kinds of cheese stored at 4.4°C
79
for six weeks and at 29.4°C for three weeks. On either the wet- or 
dry-weight basis, the data show that the acid content of each of the 
three kinds of cheese increased during storage at either 4.4° or 
29.4°C.
For the samples stored at 4.4°C, the maximum acid values associ­
ated with Cheese I and III were attained after five weeks, whereas 
that for Cheese II was attained after three weeks of storage. For 
the samples stored at 29.4°C, the maximum values for all three kinds 
of cheese were reached after two weeks of storage.
The maximum gains in acid content (dry basis) of the cheese 
samples stored at 4.4°C were 0.44, 0.40 and 0.50g acid/lOOg dry matter 
for Cheese I, II and III, respectively. These amounts corresponded 
to 10.1, 9.0 and 11.2% of the acid initially present in the respective 
cheese samples. The maximum acid gains (dry basis) in the samples 
stored at 29.4°C were 1.17, 0.77 and l.Olg acid/lOOg dry matter, which 
corresponded to 26.9, 17.4 and 22.7% of the acid initially present in 
Cheese I, II and III, respectively. These values indicate that the 
percentage increase in acid content of the cheese samples stored for 
two weeks at 29.4°C was roughly twice (2.66, 1.93 and 2.03 fold greater 
for Cheese I, II and III, respectively) that of the samples stored at 
4.4°C for five weeks. The finding that the relative increase in acid 
content was greatest in Cheese I and least in Cheese II indicated that 
factors other than the proportions of soy curd in the cheese were also 




pH Values of Three Kinds of Soy Cheese Stored 
at 4.4°C for 6 Weeks and at 29.4°C for 3 Weeks
Storage Temperature (°C)________
Storage __________ 4.4° 29.4°_________
Time Cheese Cheese Cheese Cheese Cheese Cheese
(Weeks) I II III I II III
0 4.52 4.58 4.70 4.52 4.58 4.70
1 4.49 4.62 4.65 4.20 4.36 4.51
2 4.48 4.60 4.66 4.05 4.20 4.43
3 4.27 4.39 4.43 4.07 4.17 4.45
4 4.33 4.35 4.49 • • • « » • . . .
5 4.31 4.38 4.43 . . . • • • * . .
6 4.35 4.40 4.46 • • • • • • • • *
The pH values of the samples of the three kinds of cheese stored 
at 4.4°C for six weeks and at 29.4°C for three weeks are given in 
Table XIV above. For the samples stored at 4.4°C, minimum values of 
4.27 for Cheese I and 4.43 for Cheese III were found after three weeks 
of storage, whereas the minimum value of 4.35 for Cheese II appeared 
only after four weeks of storage. Among the samples of cheese stored 
at 29.4°C Cheese I and Cheese III attained minimum pH values of 4.05 
and 4.43, respectively, after two weeks of storage, but Cheese II 
required a storage period of three weeks to attain its minimum value 
of 4.17. In general, as the acid content of the cheese samples in­
creased during storage (Table XIII above), the pH values of the sam­
ples decreased; however, for some of the samples of cheese, the min­
imum pH values (Table XIV) during storage did not always coincide with 
the maximum acid values. For example, for the samples of cheese 
stored at 4.4°C, the minimum pH values for Cheese I and III occurred 
two weeks prior to the appearance of the maximum acid values, while
the minimum pH value during storage of Cheese II occurred one week 
after the maximum acid value was reached. For the samples of cheese 
stored at 29.4°C, the minimum pH values and the maximum acid values 
coincided after two weeks of storage of Cheese I and III, whereas the 
minimum pH value of Cheese II was attained one week after the maximum 
acid value was reached.
TABLE XV
Sodium Chloride Content of Three Kinds of Soy Cheese Stored 
at 4.4°C for 6 Weeks and at 29.4°C for 3 Weeks 
(wet basis = g/lOOg cheese; dry basis = g/lOOg dry matter)
Storage Temperature (°C)
Storage 4.4° 29.4U
Time Cheese Cheese Cheese Cheese Cheese Cheese
(Weeks) I II III I II III
0 2.140 2.040 1.950 2.140 2.040 1.950
1 2.142 2.043 1.952 2.152 2.069 1.962CO•H 2 2.147 2.040 1.964 2.179 2.085 2.035CO 3 2.146 2.044 1.970 2.215 2.098 2.028CQ■ i 4 2.151 2.045 1.965 ... ... ...
0)r-p. 5 2.157 2.051 1.966 ... • • • • » •
6 2.155 2.063 1.972 • * * ...
0 4.54 4.61 5.02 4.54 4.61 5.02
1 4.53 4.61 5.01 4.55 4.54 4.98CO•rH 2 4.52 4.61 5.01 4.52 4.54 4.98CO 3 4.53 4.62 4.99 4.53 4.53 4.92CQ 4 4.53 4.60 5.00 • • . • • • • • •
u/"■> 5 4.53 4.59 4.99 • • • • . . . . .(—I 6 4.53 4.61 5.00 - * * ...
The sodium chloride values (wet and dry bases) for the cheese
samples stored at 4.4°C and 29.4°C for six and three weeks, respec-
tively, are given in Table XV above. On a wet-weight basis the data 
indicate small apparent gains in sodium chloride content for each of
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the three kinds of cheese. Based on the amounts of sodium chloride 
initially present in the cheese samples, the apparent gains associ­
ated with Cheese I, II and III stored at 4.4°C were 0.7, 1.1 and 1.1%, 
respectively. The corresponding percentage gains for samples of 
Cheese I, II and III stored at 29.4°C were 3,5, 2.8 and 4.0%, re­
spectively. These small apparent gains in the sodium chloride con­
tent reflect effects of the differences in initial moisture contents 
of the samples (Table XI) and tend to balance the losses of moisture 
which for Cheese I, II and III stored at 4.4°C were 0.91, 1.00 and 
1.11%, respectively, and for the same samples stored at 29.4°C were 
3.27, 3.68 and 3.84%, respectively.
On a dry-weight basis which normalized the sodium chloride values 
with respect to differences in moisture content of the cheese samples, 
the data show that within the limits of experimental error the sodium 
chloride contents of Cheese I, II and III were essentially constant at 
4.53, 4.61 and 5.00g/100g dry matter, respectively, throughout the 
storage periods, whether for six weeks at 4.4°C or for three weeks at 
29.4°C.
The total protein values (wet and dry bases) for the cheese samples 
stored at 4.4°C for six weeks and at 29.4°C for three weeks are given 
in Table XVI below. The wet-weight data indicate small gains in total 
protein content for each of the three kinds of cheese irrespective of 
the temperature during storage. Based on the amounts of total protein 
found in the fresh cheese samples prior to being stored, the gains 
associated with Cheese I, II and III stored at 4,4°C were 1.0, 3.4 and 
3.6%, respectively. The corresponding percentage gains for samples of
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Cheese I, II and III stored at 29.4°C were 2,8, 5.4 and 5.4%, respec­
tively. The dry-weight data for Cheese I and II stored at 4.4°C also 
showed that these two kinds of cheese sustained small gains in total 
protein content during storage. Whether small gains such as these in 
total protein content result from accidental exposure of some of the 
aliquots of cheese to an extraneous nitrogen source during the Kjel- 
dahl analyses, or whether they are artifacts that stem from various 
of the operational procedures employed in the preparation of the two 
types of curds, is a matter for further investigation.
TABLE XVI
Total Protein Content of Three Kinds of Soy Cheese Stored 
at 4.4°C for 6 Weeks and at 29.4°C for 3 Weeks 
(wet basis - g/lOOg cheese; dry basis = g/lOOg dry matter)
Storage Temperature (°C)
Storage 4.4° 29.4°
Time Cheese Cheese Cheese Cheese Cheese Cheese






0 14.85 14.03 12.56 14.85 14.03 12.56
1 14.92 14.11 12.67 14.93 14.28 12.80
2 14.95 14.04 12.86 15.15 14.62 13.15
3 14.90 14.22 12.75 15.27 14.79 13.24
4 14.97 14.35 12.83 . , . • • • ...
5 15.08 14.63 12.96 . , . ... • • •
6 15.00 14.51 13.01 * * *
0 31.51 31.72 32.33 31.51 31.72 32.33
1 31.54 31.83 31.73 31.55 31.32 32.51
2 31.47 31.73 32.81 31.44 31.82 32.21
3 31.47 32.11 32.27 31.26 31.96 32.16
4 31.52 32.27 32.70 ... • • m
5 31.68 32.75 32.89 , , . ... • • •
6 31.51 32.40 32.91 • • • • * • • • «
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The dry-weight data for the cheese samples stored at 4.4°C 
indicate that (a) Cheese III after two weeks of storage abruptly 
showed an increase in total protein corresponding to 3.4% of the 
amount that was present the previous week; this increase climbed, 
with some fluctuations, to 3.7% after six weeks of storage;
(b) Cheese II after three weeks of storage underwent a similar gain 
of 1.2% which increased to 3.2% after five weeks of storage. The 
source, or cause, of this unexpected phenomenon occurring in Cheese II 
and III, but absent in Cheese I, has not been established.
The dry-weight data for the cheese samples stored at 29.4°C for 
three weeks indicated that during the storage period the total protein 
values for Cheese I and Cheese III decreased slightly with the losses 
amounting to 0.8 and 0.5%, respectively. The values for Cheese II 
showed a small increase which corresponded to a gain of 0.8%. The 
mean total protein values associated with Cheese I, II and III during 
the 3-weeks storage period were 31.44, 31.71 and 32.30 g/lOOg dry 
matter, respectively.
The values for water soluble protein content (wet and dry bases) 
for the three kinds of cheese samples stored at 4.4°C for six weeks 
and at 29.4°C for three weeks are given in Table XVII below. On both 
the wet and dry bases the data showed that the content of water soluble 
protein in each of the three kinds of cheese progressively increased 
throughout the storage periods at 4.4°C and 29.4°C. The wet-weight 
data indicate that the water soluble protein contents in either freshly 
prepared cheese or after storage, whether at 4,4°C or 29.4°C, were 
inversely related to the amounts of moisture and soy curd in the cheese.
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The gains (wet basis) in water soluble protein of the samples stored 
at 4,4°C were 3.77, 3.28 and 3,29g/100g cheese which corresponded to 
increases of 328, 325 and 383% for Cheese I, II and III, respectively, 
based on the amounts of water soluble protein initially present in the 
three kinds of cheese. Similarly, after three weeks of storage at 
29.4°C the samples showed gains in water soluble protein content of 
6.73, 5.73 and 5.35b/100g cheese, which corresponded to 585, 567 and 
622% of the water soluble protein initially present in Cheese I, II 
and III, respectively. Although each of the three kinds of cheese 
showed gains in water soluble protein content throughout the storage 
periods, the extent of these gains would appear to bear no direct re­
lationship to the proportions of soy curd in the cheese samples.
TABLE XVII
Water Soluble Protein Content of Three Kinds of Soy Cheese 
Stored at 4.4°C for 6 Weeks and at 29.4°C for 3 Weeks 






















s 1 2.36 1.93 1.67 4.68 3.15 2.832 3.89 3.07 2.72 6.43 5.67 5.32
3 3.97 3.63 3.35 7.88 6.74 6.21
4 4.29 3.98 3.78 . . . . . .
5 4.63 4.13 4.05 . . • . . . . . .
6 4.92 4.29 4.15 . . . -----
0 2.44 2.28 2.21 2.44 2.28 2.21
1 4.99 4.35 4.29 9,89 6.91 7.19
U) 2 8.19 6.94 6.94 13.36 12.34 13.03•rl
M
CtJ
3 8.38 8.20 8.48 16.13 14.56 15.07
CQ 4 9.03 8.95 9.35 • • 1 • • • . . .
5 9.73 9.25 10.28 . . . . . . f • '
Q 6 10.34 9.58 10,50 • • • • • • . . .
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The dry-weight data showed that at 4.4°C during six weeks of 
storage Cheese I, II and III produced 7.90, 7.30 and 8.29 grams of 
water soluble protein per lOOg dry matter, respectively. The corre­
sponding gains for the samples stored at 29.4°C for three weeks were 
13.69, 12.28 and 12.86g/100g dry matter. The ratios of the amounts 
produced at the higher temperature to those produced at the lower 
temperature, namely, 13.69/7.90 = 1.73 for Cheese I, 12.28/7.30 = 1.68 
for Cheese II, and 12.86/8.29 = 1.55 for Cheese III, indicated that 
as the proportion of soy curd in the cheese increased, the more stable 
was the cheese toward the accelerating effects of higher temperature 
during storage on the production of water soluble protein.
TABLE XVIII
Dry Matter Content of Three Kinds of Soy Cheese Stored 
at 4.4°C for 6 Weeks and at 29.4°C for Three Weeks 
(wet basis = g/lOOg cheese)
Storage Temperature (°C)_____
Storage ___________ 4.4° 29.4°_________
Time Cheese Cheese Cheese Cheese Cheese Cheese
(Weeks) I II III I II III
0 47.12 44.23 38.85 47.12 44.23 38.85
1 47.30 44.33 39.93 47.32 45.30 39.37
2 47.50 44.25 39.20 48.18 45.95 40.83
3 47.35 44.28 39.50 48.85 46.28 41.20
4 47.50 44.47 39.23 • - a • • • • • •
5 47.60 44.67 39.40 ... ... ...
6 47.60 44.79 39.53 • • • ... ...
The dry matter content of the three kinds of cheese stored at 
4.4°C for six weeks and 29.4°C for three weeks are given above in 
Table XVIII. The values for dry matter in the samples were obtained
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by subtracting the moisture values (Table XI) from 100. Thus, the 
gains in dry matter during the storage periods numerically balanced 
the corresponding losses of moisture. During storage of the cheese 
samples at 4.4°C for six weeks, the gains in dry matter content for 
Cheese I, II and III were 0.48, 0.56 and 0.68g/100g cheese which cor­
responded to 1.0, 1.3 and 1.7%, respectively, of the amount of dry 
matter initially present in the samples. Similarly, after three weeks 
of storage of the samples at 29.4°C, the gains in dry matter were 1.73, 
2.05 and 2.35g/100g cheese, which corresponded to 3.7, 4.6 and 6.0% of 
the dry matter initially present in Cheese I, II and III, respectively. 
These data indicated that the greater the proportion of soy curd in 
the cheese (a) the less the initial content of dry matter in the 
cheese, and (b) irrespective of the storage temperature, the greater 
the gain in dry matter content during the storage periods.
Effects of Storage at 4.4° and at 29.4°C 
on the Amounts of Eleven Free Fatty Acids 
Present in the Three Kinds of Cheese
The complete weekly results of the gas chromatographic analyses 
for eleven free fatty acids present during storage at 4.4°C and 29.4°C 
in samples of Cheese I, II and III are listed in Appendix Tables Va,
Via and Vila, respectively.
The data for Cheese I indicated that during the early weeks of 
storage at 4.4°C the free fatty acid content of the samples always dec­
reased to a minimum level after which the values climbed to a maximum 
level which, with the exception of palmitic and valeric acids exceeded 
the initial values of the fresh cheese samples. Minimum values for 
nine of the free fatty acids were reached after two weeks of storage;
minima for propionic and palmitic acids occurred at the end of the 
first and sixth weeks, respectively. Maximum values for six of the 
free fatty acids were attained during the fourth week of storage; 
caproic, palmitic and stearic required five weeks but lauric and my- 
ristic acids required six weeks to attain their maximum values. In 
Table XIX below are given for Cheese I the minimum and maximum values, 
Vtmol acid/lOOg cheese, associated with each of the free fatty acids 
arranged in ascending order of initial acid content, together with the 
specific week of storage during which the values occurred, and the 
overall range of values for each acid during storage.
TABLE XIX
Minimum and Maximum Values of Eleven Free Fatty Acids in Cheese I 
During Storage at 4.4°C and at 29.4°C











Propionic 8.5 7.1 1 13.8 4 6.7
n-Butyric 10.4 4.3 2 10.4 4 6.1
n-Valeric 15.5 8.1 2 15.2 4 7.1
Acetic 40.5 29.9 2 44.6 4 14.7
Caprylic 100.4 62.7 2 102.1 4 39.4
Caproic 152.7 126.3 2 220.4 5 94.1
Capric 170.6 119.2 2 193.8 4 74.6
Lauric 171.0 117.3 2 176.1 6 58.8
Myristic 479.7 375.2 2 519.3 6 144.1
Stearic 756.3 681.6 2 810.6 5 129.0
Palmitic 1385.3 894.9 6 1332.3b 5 490.4
Propionic 8.5 7.1 1 21.0 3 13.9
n-Butyric 10.4 7.1 1 20.7 2 13.6
n-Valeric 15.5 18.0a 1 30.8 2 15.3
Acetic 40.5 34.1 ]. 70.8 3 36.7
Caprylic 100.4 115.2a 2 162.3 1 61.9
Caproic 152.7 210.6a 1 276.7 3 124.0
Capric 170.6 211.0a 1 229.6 3 59.0
Lauric 171.0 180.6a 1 245.2 2 74.2
Myristic 479.7 545.7a 1 740.5 2 260.8
Stearic 756.3 850.7a 3 1123.6 2 367.3
Palmitic 1385.3 1485.0a 3 2039.5 2 654.2
aMinimum storage value above initial value 
^Mcaximum storage value below initial value
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The analytical results for the samples of Cheese I stored at 
29.4°C for three weeks showed that during the first week of storage 
the values for eight free fatty acids, n-valeric, caproic, caprylic, 
capric, lauric, myristic, palmitic and stearic increased while during 
the same week the values for acetic, propionic and n-butyric acids 
decreased to a minimum level. The specific week during the storage 
period in which the eleven fatty acids attained their maximum levels 
were: first week, only caprylic acid; second week, six acids,
n-butyric, n-valeric, lauric, myristic, palmitic and stearic acids; 
third week, four acids, acetic, propionic, caproic and capric acids.
The specific week during the storage period in which the smallest 
values of the acids occurred were: first week, eight acids, acetic, 
propionic, n-butyric, n-valeric, caproic, capric, lauric, and myristic 
acids; second week, only caprylic acid; third week, palmitic and 
stearic acids. Caprylic acid was unique in that its maximum level 
was attained during the first week of storage and its minimum the 
following week.
The samples of Cheese I that were stored at 29.4°C attained 
maximum levels of the free fatty acids that were always higher than 
the maximum levels of their counterparts stored at 4.4°C. The per­
centage increased in fatty acid contents due to the 25°C increase in 
storage temperature varied from 18.5% for capric acid to 102.6% for 
n-valeric acid. Arranged in ascending order, the percentage increases 
























The analytical data for Cheese II in Appendix Table Via indicated 
that the free fatty acid contents of the samples stored at 4.4°C, like 
those of Cheese I, always decreased during the early weeks of storage 
to a minimum level after which the values of the acids, with the 
single exception of butyric acid, increased to maximum levels which 
exceeded the initial values of the fresh cheese samples.
Minimum values for four of the free fatty acids, acetic, n-valeric, 
caproic and myristic acids were reached during the first week of stor­
age . The minimum values for the other seven acids occurred during the 
second week of storage. Capric acid was unique in that its maximum 
value was attained during the first week of storage and its minimum 
during the second week.
Maximum values for three acids, acetic, caproic and caprylic, 
were attained during the third week of storage. Six acids, propionic, 
n-butyric, n-valeric, lauric, myristic, and palmitic, required four 
weeks. Stearic acid was the only acid that required five weeks to 
attain its maximum value. No acid attained its maximum level during 
the second or sixth weeks.
In Table XX below are given for Cheese II the minimum and maximum 
values, ymol/lQOg cheese, associated with each of the free fatty acids
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arranged in ascending order of initial acid content, together with the 
specific week of storage during which the values occurred, and the 
overall range of values for each acid during the storage period.
TABLE XX
Minimum and Maximum Values of Eleven Free Fatty Acids in Cheese II 
During Storage at 4.4°C and at 29.4°C
Storage Micromols of Acid Per 100 Grams of Cheese
Temp. Fatty Initial Minimum Maximum Overall
(°C) Acid Amount Amount Wk. Amount Wk. Range
Propionic 5.7 3.1 2 9.3 4 6.2
n-Butyric 8.0 4.4 2 8.0 4 3.6
n-Valeric 12.8 7.5 1 28.9 4 21.4
Acetic 31.0 23.9 1 43.8 3 19.9
Caprylic 66.8 65.0 2 85.0 3 20.0
Caproic 132.7 124.1 1 189.1 3 65.0
Capric 140.7 135.4 2 175.6 1 40.2
Lauric 153.5 118.1 2 166.3 4 48.2
Myristic 430.8 358.6 1 487.8 4 129.2
Stearic 678.5 571.3 2 758.5 5 187.2
Palmitic 1243.3 1006.7 2 1315.4 4 308.7
Propionic 5.7 8. 7a 2 12.0 3 6.3
n-Butyric 8.0 6.8 1 17.9 2 11.1
n-Valeric 12.8 10.9 1 20.2 2 9.3
Acetic 31.0 28.7 1 52.8 2 24.1
Caprylic 66.8 86.5a 3 98.5 1 31.7
Caproic 132.7 172.8a 1 193.0 2 60.3
Capric 140.7 150.0a 1 164.8 3 24.1
Lauric 153.5 112.9 3 188.4 2 75.5
Myristic 430.8 354.5 3 487.9 1 133.4
Stearic 678.5 607.7 3 829.9 1 222.2
Palmitic 1243.3 1045.5 3 1470.1 1 424.6
aMinimum storage value above initial value
The analytical results for the samples of Cheese II stored at 
29.4°C for three weeks showed that during the first week of storage 
the values for two free fatty acids, caproic and capric, increased
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while during the same week the values for acetic, n-butyric and 
n-valeric acids decreased to a minimum level. During the storage 
period the specific week in which the eleven fatty acids attained 
their maximum levels were: first week, four acids, caprylic, myristic, 
palmitic and stearic; second week, five acids, acetic, n-butyric, 
n-valeric, caproic and lauric,- third week, propionic and capric acids.
The specific week in which the minimum values of the acids 
occurred during the storage period were: first week, five acids, 
acetic, n-butyric, n-valeric, caproic and capric; second week, only 
propionic acid; third week, five acids, caprylic, lauric, myristic, 
palmitic and stearic acids.
The samples of Cheese II that were stored at 29.4°C attained 
maximum levels of the free fatty acids that, with three exceptions, 
n-valeric, capric and myristic acids, were higher than the maximum 
levels of their counterparts in samples stored at 4.4°C. The per­
centage changes in fatty acid contents due to the 25°C increase in 
storage temperature varied from a loss of 30.1% for n-valeric acid 
to a gain of 123.8% for n-butyric acid. It is interesting to note 
that in the Cheese I samples where the proportion of soy curd was 
1:3 the percentage change for n-valeric acid due to the higher storage 
temperature was a gain of 102.6%, whereas in Cheese II where the pro­
portion of soy curd was 1:2, n-valeric acid suffered a loss of 30.1% 
due to the higher storage temperature. Arranged in ascending order, 













The analytical results for fatty acids in Cheese III, listed in
oAppendix Table Vila, indicated that in the samples stored at 4.4 C, 
maximum levels exceeding the initial levels of three acids, caproic, 
caprylic and capric, were attained during the first week of storage.
The values for four other a.cids, n-butyric, myristic, palmitic and 
stearic, also increased during the first week of storage but attained 
their maximum levels later in the storage period. The immediate in­
crease in values for these seven fatty acids in Cheese III during the 
first week of storage at 4.4°C is in sharp contrast to their diminished 
values in Cheese I and Cheese II during the first week of storage of 
those samples at 4.4°C. The four other acids, acetic, propionic, 
n-valeric and lauric, in Cheese III decreased during the early weeks of 
storage, as they did in samples of Cheese I and Cheese II, to a minimum 
level after which their values, with the exception of those for acetic 
and n-valeric acids, climbed to maximum levels which exceeded the 
initial values of the fresh cheese samples.
Minimum values during storage occurred during the first week for 
myristic and stearic acids. The minimum values for five acids, acetic, 
propionic, n-valeric, caproic and lauric, were reached during the
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second week of storage. Caproic acid was unique in that its maximum 
value was attained during the first week of storage and its minimum 
during the second week. The minimum value for palmitic acid was 
reached during the fourth week, whereas n-butyric, caprylic and capric 
acids reached their minima during the fifth week of storage.
The chronological order in which the free fatty acids attained 
their maximum values during storage was: first week, caproic, caprylic 
and capric; second week, none; third week, acetic and n-butyric; 
fourth week, propionic and n-valeric; fifth week, none; sixth week, 
lauric, myristic, palmitic and stearic acids.
In Table XXI below are given for Cheese III the minimum and 
maximum values, ymol/lOOg cheese, associated with each of the free 
fatty acids arranged in ascending order of initial acid content, to­
gether with the specific week of storage during which the values 
occurred, and the overall range of values for each acid during the 
storage period.
The analytical data for the samples of Cheese III stored at 29.4°C 
showed that during the first week of storage the values for two fatty 
acids, n-butyric and lauric, increased while those of the other nine 
acids decreased. Minimum storage values were reached during the first 
week by four acids, acetic, propionic, n-butyric and n-valeric acids; 
during the second week by three acids, caproic, caprylic and capric; 
and during the third week of storage by four acids, lauric, myristic, . 
palmitic and stearic acids.
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TABLE XXI
Minimum and Maximum Values of Eleven Free Fatty Acids in Cheese III 
During Storage at 4.4°C and at 29,4°C
Storage Micromols of Acid Per 100 Grams of Cheese
Temp. Fatty Initial Minimum Maximum Overall
(°C) Acid Amount Amount Wk, Amount Wk. Range
n-Butyric 5.8 5.1 5 9.1 3 4.0
Propionic 7.0 2.7 2 7.5r_ 4 4.8n-Valeric 10.1 3.1 2 8.6 4 5.5
Acetic 21.8 15.3 2 20. lb 3 4.8
Caprylic 47.0 35.9 5 56.3 1 20.4
Capric 86.2 78.0 5 106.2 1 28.2
Lauric 87.8 84.0 2 131.2 6 47.2
Caproic 96.3 69.8 2 112.2 1 42.4
Myristic 260.7 271.5a 1 353.0 6 92.3
Stearic 471.3 484.0a 1 641.6 6 170.3
Palmitic 907.1 927.8a 4 1157.8 6 250.7
n-Butyric 5.8 6. 6a 1 13.9 2 8.1
Propionic 7.0 5.9 1 11.8 2 5.9
n-Valeric 10.1 7.0 1 14.3 2 7.3
Acetic 21.8 12.2 1 31.4 2 19.2
Caprylic 47.0 36.3 2 58.7 1 22.4
Capric 86.2 66.1 2 110.6 1 44.5
Lauric 87.8 91. 9a 3 122.1 2 33.3
Caproic 96.3 69.0 2 118.9 1 49.9
Myristic 260.7 213.4 3 328.7 2 115.3
Stearic 471.3 393.0 3 521.7 1 128.7
Palmitic 907.1 684.7 3 989.0 1 305.3
aMinimum storage value above initial value
^Maximum storage value below initial value
The specific week during the storage period in which the eleven
fatty acids attained their maximum levels were: first week, five acids,
caproic, caprylic, capric, palmitic and stearic; second week, six acids, 
acetic, propionic, n-butyric, n-valeric, lauric and myristic acids.
The samples of Cheese III that were stored at 29.4°C attained 
maximum levels of the free fatty acids that in only five instances,
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namely, propionic, n-butyric, n-valeric, caprylic and lauric acids, 
were higher than the maximum levels of their counterparts in samples 
stored at 4.4°C. The percentage changes in fatty acid contents due 
to the 25°C increase in storage temperature ranged from a loss of 
26.2% for palmitic acid to a gain of 125.8% for n-valeric acid. 













In Table XXII below are listed the values for the differences 
between maximum levels of each of the eleven free fatty acids in the 
samples of cheese stored at 4.4°C and at 29.4°C as calculated from 
the data in Tables XIX, XX and XXI above for Cheese I, II and III, 
respectively. The values, pmol acid/lOOg cheese, for each of the 
maximum levels, the difference between the two levels due to the 25°C 
increase in storage temperature, together with the corresponding per­
centage values based on the lesser of the maximum levels, are shown 
in Table XXII.
The data in Table XXII below indicate that, in general, as the
TABLE XXII
Overall Differences Between Fatty Acid Maximum Levels Attained During Storage 
at 4.4°C and 29.4°C for Cheese I, II and III 
(wet basis = pmol/lOOg cheese)
__________ Cheese I__________   Cheese II_________   Cheese III_________
C atoms Maximum Level Difference Maximum Level Difference Maximum Level Difference
in acid 4.4°C 29.4°C Amount Percent 4.4°C 29.4°C Amount Percent 4.4°C 29.4°C Amount Percent
C2 44.6 70.8 26.2 58.7 43.8 52.8 9.0 20.5 15.3 12.2 -3.1 -20.3
C3 13.8 21.0 7.2 52.2 9.3 12.0 2.7 29.0 2.7 5.9 3.2 118.5
C4 10.4 20.7 10.2 99.0 8.0 17.9 9.9 123.8 5.1 6.6 1.5 29.4
C5 15.2 30.8 15.6 102.6 28.9 20.2 -8.7 -30.1 3.1 7.0 3.9 125.8
C6 220.4 276.7 56.3 25.5 189.1 193.0 3.9 2.1 69.8 69.0 -0.8 -1.1
C8 102.1 162.3 60.2 59.0 85.0 98.5 13.5 15.9 35.9 36.3 0.4 1.1
C10 193.8 229.6 35.8 18.5 175.6 164.8 -10.8 -6.2 78.0 66.1 -11.9 -15.3
C12 176.1 245.2 69.1 39.2 166.3 188.4 22.1 13.3 84.0 91.9 7.9 9.4
C14 519.3 740.5 221.2 42.6 487.8 487.9 0.1 0.0 271.5 213.4 -58.1 -21.4
c16 1332.3 2039.5 707.2 53.1 1315.4 1470.1 154.7 11.8 927.8 684.7 -243.1 -26.2
COi—i
u 810.6 1123.6 313.0 38.6 758.5 829.9 71.4 9.4 484.0 393.0 -91.0 -18.8
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proportion of soy curd in the cheese samples increased from 1:3 to 1:2 
and to 1:1 for Cheese I, II and III, respectively, the less were the 
gains in free fatty acid content due to the 25°C increase in storage 
temperature. This finding implies that as the proportion of soy curd 
in the cheese increased, the more stable was the cheese to the accel­
erating effects of the higher storage temperature on the production 
of free fatty acids.
Effects of Storage at 4.4° and at 
29.4°C on the Amounts of Ammonia 
and Thirteen Free Amino Acids Present 
in the Three Kinds of Cheese
The complete weekly results of the analyses for ammonia and
thirteen free amino acids present during storage at 4.4°C and 29.4°C
in samples of Cheese I, II and III are given in Appendix Tables Villa, 
IXa and Xa, respectively.
The ammonia content of samples of Cheese I stored at 4.4°C 
decreased during the early weeks of storage to a minimum level after 
which the values increased to the level originally present in the 
fresh cheese. In Cheese I and II stored at 4.4°C the ammonia values 
climbed to maximum levels which exceeded the initial values of the 
fresh cheese samples. In the samples of Cheese I, II and III stored 
at 29.4°C the ammonia values during storage progressively increased 
to levels that were 3 to 5 fold greater than the initial values.
The amino acid analyses showed that proline was present in
samples of Cheese I, II and III throughout the storage periods in
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quantities too small to be measured.
Alanine and isoleucine in samples of Cheese I, II and III stored 
at 4.4°C were present in quantities too small to be measured but in 
the samples stored at 29.4°C these two amino acids were present in 
measurable quantities during the later weeks of the storage period.
Methionine in Cheese I stored at 4.4°C and lysine in Cheese III 
stored at 29.4°C were present in quantities too small to be measured 
but in the other samples of cheese, these two amino acids were present 
in measurable amounts.
Phenylalanine in Cheese III stored at either 4.4°C or 29.4°C and 
tyrosine in Cheese III stored at 4,4°C were present in quantities too 
small to be measured.
In Table XXIII below are given for Cheese I the minimum and 
maximum values, mg/lOOg cheese, associated with ammonia and each of 
the free amino acids arranged in ascending order of initial acid con­
tent, together with the specific week of storage during which the 
values occurred, and the overall range of values for each acid during 
storage.
For the samples of Cheese I stored at 4.4°C, the analytical 
results showed that alanine, isoleucine and methionine were present 
throughout the entire storage period in quantities too small to be 
measured. Phenylalanine appeared in measurable amounts only after 
five weeks of storage. During the storage period the specific week
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TABLE XXIII
Minimum and Maximum Values of Ammonia and Twelve Free 




Storage nh3 & Milligrams Per 100 Grams of Cheese
Temp. Amino Initial Minimum Maximum Overall
(°C) Acids Amount Amount Wk. Amount Wk. Range
4.4° Ammonia 41.9 27.1 2 41.9 5 14.8
Isoleucine + + EP + EP • • •
Alanine + + EP + EP . . .
Methionine + + EP + EP ...
Tyrosine + 10.9 2 35.7 5 35.7
Phenylalanine + 0.5 6 1 . 0 5 1 . 0
Lysine 4.2 4.7 1 17.6 5 13.4
Serine 15.5 23.2 1 32.8 5 17.3
Aspartic acid 16.5 2 1 . 8 1 35.5 3 19.0
Valine 20.3 24.7 4 34.3 6 14.0
Leucine 29.2 35.5 1 60.0 5 30.8
Glutamic acid 37.7 58.2 1 77.2 3 39.5
Cystine 99.0 113.5 4 199.0 2 1 0 0 . 0
0'sr<x>CM Ammonia 41.9 63.9 1 132.4 3 90.5
Isoleucine + 16.1 3 23.6 2 23.6
Alanine + 27.5 1 29.3 3 29.3
Methionine + 18.8 2 42.0 3 42.0
Tyrosine + 47.8 1 136.3 2 136.3
Phenylalanine + 6 6 . 0 2 79.1 3 79.1
Lysine 4.2 6.2 1 75.7 3 71.5
Serine 15.5 59.2 1 109.9 2 94.4
Aspartic acid 16.5 58.7 1 92.3 3 75.8
Valine 20.3 58.3 2 84.2 1 63.9
Leucine 29.2 161.8 1 450.9 3 421.7
Glutamic acid 37.7 160.4 1 308.2 3 270.5
Cystine 99.0 367.5 1 809.9 2 710.9
+indicates amino acid present in unmeasurable quantity 
EP = Entire Period
in which the other eight amino acids attained their minimum levels, 
which always exceeded their initial levels, were: first week, lysine, 
serine, aspartic acid, leucine and glutamic acid; second week, tyrosine; 
third week, none; fourth week, valine and cystine; fifth week, none;
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sixth week, phenylalanine. The specific weeks in which the maximum 
levels occurred were: first week, none; second week, cystine; third 
week, aspartic and glutamic acids; fourth week, none; fifth week, 
tyrosine, phenylalanine, lysine, serine and leucine; sixth week, valine.
The analytical data for samples of Cheese I stored at 29.4° for 
three weeks showed that minimum values for eight of the twelve amino 
acids were reached during the first week of storage, namely, alanine, 
tyrosine, lysine, serine, aspartic acid, leucine, glutamic acid and 
cystine. Minimum values for methionine, phenylalanine and valine oc­
curred during the second week of storage whereas that for isoleucine was 
reached during the third week after the maximum had occurred during the 
second week. Valine was unique in that its maximum value was attained 
during the first week of storage and its minimum during the second week.
Maximum values for four amino acids, isoleucine, tyrosine, serine 
and cystine were attained during the second week of storage. Seven 
amino acids, alanine, methionine, phenylalanine, lysine, leucine, as­
partic and glutamic acids required three weeks to attain their maximum 
values.
The samples of Cheese I that were stored at 29.4°C attained 
maximum levels of free amino acids, present in measurable amounts, 
that were always higher than those of their counterparts stored at 
4.4°C. The percentage increase in amino acid and ammonia content due 
to the 25°C increase in storage temperature varied from 145% for valine 
to 7810% for phenylalanine. The increase in ammonia due to the higher 
storage temperature was 216%. Arranged in ascending order, the per­















The analytical data for Cheese II in Appendix Table IXa indicated 
that phenylalanine, tyrosine and methionine were initially present in 
the fresh cheese samples in measurable amounts in contrast to the 
fresh samples of Cheese I where they were present in quantities too 
small to be measured. Also in contrast to Cheese I, the data for sam­
ples of Cheese II showed that during the first week of storage at 
4.4°C the valine, phenylalanine and tyrosine contents of the samples 
decreased to a minimum level after which the values climbed to a max­
imum level that, like the maxima of the other seven amino acids, 
exceeded the initial values of the fresh cheese samples.
As shown in Table XXIV below, the specific weeks during which 
the minimum storage levels of the various amino acids and ammonia 
occurred were: first week, cystine, leucine, valine and aspartic acid; 
second week, phenylalanine, tyrosine and methionine; third, fourth 
and fifth weeks, none; sixth week, glutamic acid, serine, lysine and 
ammonia. The maximum levels were attained during the storage period 
as follows: first and second weeks, none; third week, lysine; fourth 
week, serine, glutamic and aspartic acids; fifth week, cystine, leucine 
and phenylalanine; sixth week, valine, tyrosine and methionine.
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TABLE XXIV
Minimum and Maximum Values of Ammonia and Twelve Free Amino Acids 
in Cheese II During Storage at 4.4°C and at 29.4°C
Storage nh 3 & Milligrams Per 100 Grams of Cheese
Temp, Amino Initial Minimum Maximum Overall
(°C) Acids Amount Amount Wk. Amount Wk. Range
Ammonia 24.3 25.1 6 57.1 2 32.8
Alanine + + EP + EP . . .
Isoleucine + + EP EP o o o
Lysine 2  . 2 1.3 6 4.0 3 2.7
Methionine 5.7 + 2 36.7 6 36.7
Tyrosine 6 . 2 + 2 38.5 6 38.5
Phenylalanine 9.3 + 2 10.7 5 10.7
Aspartic acid 1 1 , 1 16,8 1 39.1 4 28.0
Serine 15.0 18.4 6 26.2 4 1 1 . 2
Leucine 18.6 21.3 1 34.8 6 16.2
Valine 24.3 23.5 1 130.3 6 106.8
Glutamic acid 46.9 45.2 6 68.9 4 23.7
Cystine 92.4 126.3 1 162.6 5 70.2
Ammonia 24.3 53.4 1 113.8 3 89.5
Alanine + 13.0 3 16.1 2 16.1
Isoleucine + 19.8 2 30.1 3 30.1
Lysine 2 . 2 3.2 1 6.4 2 4.2
Methionine 5.7 2 0 . 1 1 27.8 3 2 2 . 1
Tyrosine 6 . 2 31.0 1 112.9 3 106.7
Phenylalanine 9.3 38.3 1 77.8 3 68.5
Aspartic acid 1 1 . 1 34.7 1 77.8 3 66.7
Serine 15.0 46.5 1 100.4 3 85.4
Leucine 18.6 145.0 1 306.8 3 288.2
Valine 24.3 52.4 2 58.8 3 34.5
Glutamic acid 46.9 134.1 1 276.3 3 229.4
Cystine 92.4 243.5 1 446.1 3 353.7
+ indicates amino acid present in unmeasurable quantity 
EP = Entire Period
In Table XXIV above are given for Cheese II the minimum and 
maximum values, mg/lOOg cheese, associated with ammonia and each of 
the free amino acids arranged in ascending order of initial acid 
content, together with the specific week of storage during which the 
values occurred, and the overall range of values for each acid during
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storage.
In the samples of Cheese II that were stored at 29,4°c, ammonia 
and nine amino acids, lysine, methionine, tyrosine, phenylalanine, 
aspartic and glutamic acids, serine, leucine and cystine reached their 
minimum levels during the first week of storage. The smallest storage 
values for isoleucine and valine occurred during the second week 
whereas that for alanine did not appear until the third week.
The maximum values for alanine and lysine were attained during 
the second week of storage. The ten other amino acids and ammonia 
attained their maximum levels during the third week. The samples of 
Cheese II stored at 29.4°C attained maximum levels of ammonia and amino 
acids that, with the exception of those for methionine and valine, were 
higher than the maximum levels of their counterparts stored at 4.4°C. 
The percentage changes in amino acid maxima due to the 25°C increase 
in storage temperature varied from a loss of 55% for valine to a gain 
of 29-fold for isoleucine. Arranged in ascending order, the percentage 














The analytical results for Cheese III in Appendix Table Xa showed 
that in the samples of fresh cheese only seven amino acids, methionine,
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leucine, aspartic and glutamic acids, serine, valine and cystine were 
present in quantities large enough to be measured. Throughout the 
storage period at 4.4°C and at 29.4°C, phenylalanine was present in 
quantities too small to be measured. Measurable amounts of lysine 
developed in the samples stored at 4.4°C but not in those stored at 
29.4°C. Isoleucine, alanine and tyrosine were present in quantities 
too small to be measured in the samples stored at 4.4°C, but measur­
able amounts of these three amino acids were found in the samples of 
Cheese III stored at 29.4°C.
During the storage period at 4.4°C, minimum levels which were 
below the initial levels in the fresh cheese occurred for methionine, 
glutamic acid and cystine. The minimum levels for ammonia, leucine, 
aspartic acid, serine and valine exceeded their initial levels in 
fresh cheese samples.
The specific weeks during the storage period in which ammonia and 
the eight measurable amino acids reached their minimum levels were: 
first week, ammonia and methionine; second week, lysine, leucine and 
valine; third week, none; fourth week, aspartic acid, serine and 
cystine; fifth week, none; sixth week, glutamic acid. The maximum 
levels were attained during the storage period as follows: first week, 
lysine and glutamic acid; second, third and fourth weeks, none; fifth 
week, methionine and leucine; sixth week, ammonia, aspartic acid, 
serine, valine and cystine.
In Table XXV below are given for Cheese III the minimum and 
maximum values, mg/lOOg cheese, associated with ammonia and each of
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the free amino acids arranged in ascending order of initial acid 
content, together with the specific week of storage during which the 
values occurred, and the overall range of values for each acid during 
storage.
TABLE XXV
Minimum and Maximum Values of Ammonia and Twelve Free Amino Acids 
in Cheese III During Storage at 4.4°C and at 29.4°C
Storage NH3  & Milligrams Per 100 Grams of Cheese
Temp. Amino Initial Minimum Maximum Overall
(°C) Acids Amount Amount Wk. Amount Wk. Range
Ammonia 18.3 29.6 1 43.9 6 25.6
Phenylalanine + + EP + EP • • •
Lysine + + 2 5.1 1 5.1
Isoleucine + + EP + EP , • •
Alanine + + EP + EP • • •
Tyrosine + + EP + EP . . .
Methionine 6 , 6 + 1 2 0 . 1 5 2 0 . 1
Leucine 10.9 16.1 2 37.0 5 26.1
Aspartic acid 13.2 20.4 4 35.6 6 22.4
Serine 15.9 24.3 4 38.3 6 22.4
Valine 24.5 36.8 2 55.7 6 31.2
Glutamic acid 40.0 22.9 6 68.5 1 45.6
Cystine 70.3 54.5 4 123.3 6 6 8 . 8
Ammonia 18.3 38.6 1 111.7 3 93.4
Phenylalanine + + EP + EP • • •
Lysine + + EP + EP • • •
Isoleucine + 5.5 1 19.8 3 19.8
Alanine + 11.4 1 39.6 3 39.6
Tyrosine + 1 2 . 6 1 14.4 3 14.4
Methionine 6 . 6 1 1 . 0 1 30.6 2 24.0
Leucine 10.9 21.7 1 341.5 3 330.6
Aspartic acid 13.2 26.4 1 70.5 3 57.3
Serine 15.9 38.2 1 131.0 3 115.1
Valine 24.5 29.1 1 59.3 3 34.8
Glutamic acid 40.0 93.3 1 127.0 2 87.0
Cystine 70.3 1 0 0 , 8 1 357.2 3 286.9
+ indicates amino acid present in unmeasurable quantity 
EP = Entire Period
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In the samples of Cheese III that were stored at 29.4°C lysine 
and phenylalanine throughout the storage period were present in 
quantities too small to be measured. The minimum values during storage, 
which always exceeded the initial values, for ammonia and the ten 
measurable amino acids were all reached during the first week of 
storage. Maximum values for methionine and glutamic acid were attained 
during the second week of storage. The remaining eight amino acids 
required three weeks to attain their maximum values.
The samples of Cheese III that were stored at 29.4°C attained 
maximum levels of ammonia and free amino acids, with the exception of 
that for lysine, which were higher than those of their counterparts 
stored at 4,4°C. The percentage changes in amino acid and ammonia 
content due to the 25°C increase in storage temperature ranged from 
approximately -500% for lysine to 3860% for alanine. Arranged in 















In Table XXVI below are listed the values for the differences 
between maximum levels of each of the twelve free amino acids and 
ammonia in the samples of cheese stored at 4.4°C and at 29.4°C as
TABLE XXVI
Overall Differences Between Ammonia and Amino Acid Maximum Levels Attained During
Storage at 4.4°C and 29.4°C for Cheese I, II and III 





Cheese I Cheese II Cheese III
Maximum Level Difference Maximum Level Difference Maximum Level Difference
4.4°C 29.4°C Amount Percent 4.4UC 29.4°C Amount Percent 4.4°C 29.4°C Amount Percent
nh3 41.9 132.4 90.5 216 57.1 113.8 56.7 99 43.9 111.7 67.8 154
ALA + 29.3 28.3 2830 + 16.1 15.1 1510 + 39.6 38.6 3860
ASP 35.5 92.3 56.8 160 39.1 77.8 38.7 99 35 . 6 70.5 34.9 98
CYS 199.0 809.9 610.9 307 162.6 466.1 283.5 174 123.3 357.2 233.9 190
GLU 77.2 308.2 231.0 299 68.9 276.3 207.4 301 68.5 127.0 58.5 85
ILEU + 23.6 2 2 . 6 2260 + 30.1 29.1 2910 + 19.8 18.8 1880
LEU 60.0 450.9 390.9 652 34.8 306.8 272.0 782 37.0 341.5 304.5 823
LYS 17.6 75.7 58.1 330 4.0 6.4 2.4 60 5.1 + -5.0 -500
MET + 42.0 41.0 4100 36.7 27.8 -8.9 -24 2 0 . 1 30.6 10.5 52
PHE 1 . 0 79.1 78.1 7810 10.7 77.8 67.1 627 + + +
SER 32.8 109.9 77.1 235 26.2 100.4 74.2 283 38.3 131.0 92.7 242
TYR 35.7 136.3 1 0 0 . 6 282 38.5 112.9 74.4 193 + 14.4 13.4 1340
VAL 34.3 84.2 49.9 145 130.3 58.8 -71.5 -55 55.7 59.3 3.6 6
+indicates amino acid present in unmeasurable quantity
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calculated from the data in Tables XXIII, XXIV and XXV above for 
Cheese I, II and III, respectively. The values, mg/lOOg cheese, for 
each of the maximum levels, the difference between the two levels due 
to the 25°C increase in storage temperature, together with the cor­
responding percentage values based on the lesser of the maximum levels, 
are shown in Table XXVI.
The data in Table XXVI above indicate a diversity of responses 
among the amino acids in each of the three kinds of cheese to the 25°C 
increase in storage temperature. Some of the diversity is a reflec­
tion, no doubt, of the absence of a uniform effect on the relative 
proportions of soy curd in the cheese were increased from 1:3 to 1:2 
and to 1:1 in Cheese I, II and III, respectively. The initial values, 
mg/lOOg cheese, of ammonia and twelve free amino acids in fresh sam­
ples, prior to storage, of Cheese I, II and III were:
Ch. nh3 ALA ASP CYS GLU I LEU LEU LYS m e t PHE SER TYR VAL
I: 41.9 + 16.5 99.0 37.7 + 29.2 4.2 + + 15.5 + 20.3
II: 24.3 + 1 1 . 1 92.4 46.9 + 18.6 2 . 2 5.7 9.3 15.0 6 . 2 24,3
III: 18.3 + 13.2 70.3 40.0 + 10.9 + 6 . 6 + 15.9 + 24.5
With respect to these initial values for ammonia and amino acids in 
the fresh samples of cheese, seven types of relationships may be re­
cognized as the proportions of soy curd in the three kinds of cheese 
increased:
(1) Alanine and isoleucine remained the same in that they were present 
in quantities too small to be measured,
(2) Only in Cheese II were phenylalanine and tyrosine present in 
measurable amounts.
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(3) Ammonia, cystine, leucine and lysine progressively decreased as 
the proportions of soy curd increased,
(4) Methionine and valine progressively increased as the proportions 
of soy curd increased,
(5) Aspartic acid decreased but Cheese III contained more than 
Cheese II,
(6 ) Glutamic acid increased but Cheese II contained more than 
Cheese III.
(7) Serine increased but Cheese II contained less than Cheese I.
Despite these initial proportional differences in amino acid 
composition of the three kinds of cheese, the data in Table XXVI above 
indicate that, with four exceptions, increasing the storage temper­
ature of the cheese from 4.4°C to 29.4°C stimulated in widely varying 
extent the production of ammonia and amino acids. The exceptions 
were: (a) in Cheese III phenylalanine was not affected by the 25°C 
increase in storage temperature; that is, the amounts of phenylalanine 
present in the cheese samples were always too small to be measured;
(b) in Cheese III the production of lysine was completely inhibited 
when the storage temperature was increased to 29.4°C; (c & d) in 
Cheese II the production of methionine and valine was partially 
inhibited when the storage temperature was increased to 29.4°C.
Correlation Coefficients for Amino 
and Fatty Acids in Soy Cheese
In Appendix Table XIa are presented two sets of correlation
coefficients, one set computed from wet-weight data and the other
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from dry-weight data. In each set are listed the values associated 
with each of the different 496 pairs of possible interrelationships 
existing among the thirty-two chemical parameters determined in this 
study for soy cheese. The correlation coefficients were computed 
from the pooled data for Cheese I, II and III for each of the thirty- 
two chemical parameters.
Of the 496 correlation coefficients in each set, 143 pertain to 
relationships between eleven free fatty acids, ammonia and twelve free 
amino acids, 78 pertain to relationships among ammonia and the amino 
acids, and 55 pertain to relationships among the fatty acids.
All 78 of the correlation coefficients for the amino acids, on 
both the wet-weight and dry-weight bases, were positive as were also 
the 55 values in each of the two sets for the fatty acids. Seven of 
the 143 correlation coefficients based on dry-weight data for the 
amino acids - fatty acids relationships were negative, very small and 
not significant. The correlation coefficients based on dry-weight 
data usually were slightly lower than those based on wet-weight data.
The values (wet basis) for the correlation coefficients 
representing the 78 possible pairs of amino acids and ammonia ranged 
from .947 for the glutamic acid - tyrosine pair to ,190 for the 
lysine - valine pair. The values for the 55 possible pairs of free 
fatty acids ranged from .978 for the lauric - myristic acids pair 
to .272 for the lauric - stearic acids pair.
Among the 143 possible pairs of amino and fatty acids, the 
correlation coefficient for lysine - stearic acid, .961, was the
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highest. This extraordinarily high value, in comparison with the 
other 142 values, would appear to be an anomaly or an artifact. The 
other 142 values ranged from .778 for the leucine - butyric acid pair 
(wet weight) to -.098 for the alanine - palmitic acid pair (dry 
weight).
The maximum and minimum correlation coefficients, arranged in 
descending order of magnitude, for the amino and fatty acids in soy 
cheese are presented in Table XXVII.
Nine of the thirteen maximum correlation coefficients for the 
amino acids - fatty acids pairs involved butyric acid, whereas seven 
of the eleven maximum correlation coefficients for the fatty acids - 
amino acids pairs involved tyrosine. Ten of the thirteen minimum 
correlation coefficients for the amino acids - fatty acids pairs in­
volved palmitic acid. The eight minimum, non-significant correlations 
of palmitic acid with aspartic acid, lysine, leucine, ammonia, serine, 
isoleucine, methionine and alanine suggest that changes in the amounts 
of these eight substances present in soy cheese during the ripening 
process were only slightly related, if at all, to the changes occur­
ring at the same time in the palmitic acid content of the cheese.
A review of the various factors that possibly might have a 
bearing upon the differences and similarities between the corresponding 
values based on the wet-weight data and those based on the dry-weight 
data lie beyond the purview of this dissertation. Since the corre­
lation coefficients listed in Table XXVII bellow and in Appendix 
Table XIa were computed from pooled data for the three kinds of cheese,
TABLE XXVII
Maximum and Minimum Correlation Coefficients for Amino and Fatty Acids in Soy Cheese
Free Amino Acids vs Free Fatty Acids Free Fatty Acids vs Free Amino Acids
Cate­
gory
Wet Weight Basis Dry Weight Basis 
Cr. Cf. FAA - FFA Cr. Cf. FAA - FFA
Wet Weight Basis 
Cr. Cf. FFA - FAA
Dry Weight Basis 
Cr. Cf. FFA - FAA
.961** Lys c18 .759** Tyr C6 .961** c18 Lys .7 5 9 ** c6 Tyr.778** Leu C4 .735** Leu C4 .778** C4 Leu .735** C4 Leu
.775** Tyr C3 .696** Glu C4 .775** C3 Tyr .734** c3 Tyr.754** Glu c4 .691** lieu C4 .769** c 6 Tyr .690** c2 Tyr.745** Cys c4 .673** Cys C4 .712** c2 Tyr .596** c 1 0 Tyr
.712** lieu c4 .669** Ala C4 .624** CIO Tyr .555** C5 Tyr
.680** Phe c4 .655** Lys c3 .601** c5 Tyr .554** c8 Tyr
.678** Ala c4 .643** Phe C2 .594** c14 Tyr .548** C1 4 Tyr
.649** Asp c4 .592** Asp C4 .574** c8 Tyr .499** c 1 2 Tyr
.638** Ser c4 .589** Ser C4 .560** c 1 2 Cys .497** c18 Tyr
.628** nh3 c4 .581** nh3 C4 .546** c16 Cys ,414 c16 Cys
.380* Met c18 .420* Met C4.330 Val C5 .264 Val c5
.540** Cys c18 .414* Cys C16 .250 C5 Ser .188 C4 Val.507** Tyr C16 .387* Tyr C16 .240 C18 Val .151 C3 Val.422* Glu ^16 .316 Phe C16 .227 C3 Val .150 C5 Ser.391* Phe
C 1 2
.271 Glu C16 .203 c4 Val .135 C 6 Met.329 Asp C16 .196 Lys C16 .173 C 8 lieu .086 C 1 2 lieu.306 Lys C16 .176 Asp C16 .167 C 2 Met .061 C2 Val.285 Leu ^16 .137 Leu C16 .150 c 6 Met .045 C 8 Met.149 Val C 2 .030 Val C 1 0 .108 C 1 2 Met .025 C14 Ala.141 nh3 C16 -.016 Ser C16 .090 C14 Met -.062 C14 Met.128 Ser C16 -.048 nh3 C16 .085 C 1 0 Met -.097 c18 Ala.077 lieu C16 -.052 lieu C16 . 0 2 0 C16 Ala -.098 C 1 0 Ala.061 Met C16 -.062 Met C 1 0
. 0 2 0 Ala C16 -.098 Ala C16
*p .05 d.f. 31, Critical Values: .05 = .344; .01 - .443
**p .0 1 113
TABLE XXVII (Continued)
Maximum and Minimum Correlation Coefficients for Amino and Fatty Acids in Soy Cheese
Free Amino Acids vs Free Amino Acids Free Fatty Acids vs Free Fatty Acids
Cate­
gory
Wet Weight Basis 
Cr. Cf. FAA - FFA
Dry Weight Basis 
Cr, Cf. FAA - FFA
Wet Weight Basis 
Cr. Cf. FFA - FAA
Dry Weight Basis 
Cr. Cf. FFA - FAA
.947** Glu Tyr .933** Glu Tyr .978** c 1 2 C]_4 .964** Cl 2 Ci 4
.947** Tyr Glu .933** Tyr Glu .978** C1 4 Cl2 .964** Cl 4 C1 2
.937** NH3 Leu .924** nh3 Leu .924** C6 CIO .931** C18 Cl 4.937** Leu NHo .924** Leu NH .924** CIO C6 .896** C6 ClO
.933** Cys Glu .916** Cys Leu .897** C8 ClO .896** CIO C6
.922** Asp Leu .904** Asp Leu .883** C16 C1 4 .892** C8 ClO
.918** Ser Leu .904** Ser Leu .835** C2 C6 .872** C16 Cl8
.900** Phe Glu .884** lieu Tyr .770** C5 C1 4 .760** C2 C6
.896** lieu Ser .884** Phe Tyr .754** C3 C2 .694** C5 C1 2
.8 6 8 ** Ala Ser .864** Ala Ser .680** C4 C3 .680** C3 C2
.685** Met Val .773** Met Val .672** Cl8 C3 .618** C4 C3
.612** Lys Tyr .589** Lys Tyr
.533** Asp Val .475** Asp Lys .521**
C 2 C16* .503** C5 C16.458** Tyr Val .394* Tyr Val .515*
C 6 C18 .415* C 6 C4.412* Cys Val .367* Leu Val .447** C3 *"16 .388* C 1 2 C3.400* Leu Val .362* Cys Val .407*
C 1 0 C4 .381* C14 C4.363* Glu Val .313 Glu Val .387*
C 8 C18 .284 C3 C16.336 nh3 Val .308 nh3 Val .363* CA C16 .275 C 2 C16.333 Phe Val .303 Ala Val .337 C5 C18 .262 cio C4.323 Ala Val .292 Phe Val .313 C14 .254 C 8 C4.286 Ser Lys .245 lieu Lys .279 C16 .253 C18 C4.271 lieu Val .214 Met Lys .272
C 1 2 18 . 206 4 C16.251 Met Lys . 2 1 2 Ser Lys .272 C18 C 1 2 .206 C16 C4.190 Lys Val .117 Lys Val
.190 Val Lys .117 Val Lys
*p .05 d.f. 31, Critical Values: 05 = .344; .01 = .443
**p . 0 1
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a better understanding of amino acids - fatty acids relationships in 
soy cheese probably would be gained by computing separately the data 
for Cheese I, II and III to yield three matrices of correlation 
coefficients for further study.
Organoleptic Evaluations
The organoleptic evaluations were made by two sensory panels of 
five judges each. A 5-point hedonic scale (Appendix Table la) was 
used for grading the samples according to the following classifica­
tions: 1 - Repulsive; 2 - Dislike; 3 - Acceptable; 4 - Like very much; 
and 5 - Like extremely. In Appendix Tables Xlla through XXVIa are 
presented for each of the fifteen attributes of soy cheese, (1 ) 
general appearance, (2) color, (3) odor, (4) smoothness, (5) firmness,
(6 ) elasticity, (7) graininess, (8 ) mouthfeel, (9) cheese flavor,
(10) beany flavor, (11) rancidity, (12) acidity, (13) bitterness,
(14) saltiness, and (15) spreadability, the mean weekly scores for 
each of the two panels, Panel I composed of five Iranian LSU students 
and Panel II composed of five American LSU students, for samples of 
each of the three kinds of cheese which were ripened at 4.4°C for six 
weeks and at 29.4°C for three weeks.
All the organoleptic data were subjected to standard analysis 
of variance with the cooperation of Dr, Kenneth L„ Koonce, Department 
of Experimental Statistics, and the LSU system network computer center. 
Results of the analysis of variance for the fifteen sets of sensory 
scores for the samples of cheese stored at 4.4°C for six weeks are 
presented in Appendix Table XXVIIa. The three sources of variation,
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A - two sensory panels, B - three kinds of cheese, and C - seven per­
iods of elapsed time during ripening, affected the hedonic scores for 
the fifteen organoleptic characteristics of soy cheese as follows:
(A) The mean scores of Panel I were slightly higher than the corre­
sponding scores of Panel II for each of the fifteen attributes. The 
differences, however, between the mean scores of the two panels were 
not significant (p > 0.05) for any of the attributes,
(B) Increasing the proportion of soy curd in the samples of cheese 
from 1:3 to 1:2 and to 1:1 for Cheese I, II and III, respectively, 
did not significantly (p > 0.05) affect the mean hedonic scores for 
five of the attributes, namely, elasticity, graininess, bitterness, 
saltiness and spreadability. The mean hedonic scores for five other 
attributes, general appearance, color, beany flavor, rancidity, and
' v
acidity underwent a progressive and significant (p < 0 .0 1 ) decrease 
as the proportion of soy curd in the sample increased. For the five 
remaining attributes, odor, smoothness, firmness, mouthfeel, and 
cheese flavor, the mean hedonic scores increased to their maximum 
values when the soy curd in the cheese was increased from 1:3 to 1:2 
but then suffered a very significant (p < 0 .0 1 ) decrease when the 
proportion of soy curd was further increased to 1 :1 .
(C) The length of time the cheese samples were ripened did not 
significantly (p >0.05) affect the mean hedonic scores for six 
attributes, odor, firmness, mouthfeel, cheese flavor, beany flavor 
and bitterness. Significantly (p <0.05) affected by ripening time 
were the mean hedonic scores for general appearance, and very
TABLE XXVIII
Mean Sensory Scores for Fifteen Organoleptic Attributes of Soy Cheese Ripened at 4.4°C
A
Panel Attribute
Bivariate Interaction, A x C (Panel x Time) Bivariate, A x B A
Panel
Means
Time: (Weeks) Soy Cheese
0 1 2 3 4 5 6 I II III
I Gen. Appear. 4.00 3.80 3.80 4.07 3.87 3.47 3,47 4.23 4.03 3.09 3.78
Color 3.60 3.73 3,73 4.27 3,73 3,60 3.60 4.03 3.89 3.34 3.75
Odor 3.60 3,87 3.67 4.13 3.93 3.53 3.73 3.94 3.86 3.54 3.78
Smoothness 3.87 4.53 4.13 4.60 4.07 4.07 3.60 4.31 4.23 3.83 4.12
Firmness 3.00 3.67 3.33 3.53 3.47 3.40 3.20 3.54 3.63 2.94 3.37
Elasticity 3.53 3.53 3.33 3.67 3.33 2.53 2,93 3.34 3.31 3.14 3.27
Graininess 4.13 4.33 4.00 4,47 4.47 3.93 3,60 4.14 4.20 4.06 4.13
Mouthfeel 3.67 3.93 3,40 3.80 3.80 3,67 3.53 3.86 3.89 3.31 3.69
Cheese Flavor 4.27 3.60 3.13 3.73 3.47 3.27 3,53 3.83 3.71 3.17 3.57
Beany Flavor 4.00 3.93 3.40 3.80 3.67 3.87 3.67 3.94 3.89 3.46 3.76
Rancidity 3.67 4.07 3.53 3.87 3.93 3.73 3.33 3.97 3.69 3.54 3.73
Acidity 3.87 3.93 3.40 3.80 3.87 3.27 3.13 3.91 3.57 3.34 3.61
Bitterness 3.47 3.60 3.60 4.07 4.00 3.60 3.67 3.77 3.74 3.63 3.71
Saltiness 3.00 3.00 3.00 3.60 4.00 3.80 3.60 3.40 3.43 3.46 3.43
Spreadability 4.00 4.00 4.00 4.27 4.73 4.13 4.00 4.20 4.17 4.11 4.16
II Gen. Appear. 3.20 3,40 3.67 3.73 3,20 3.33 3.27 3,57 3,49 3.14 3.40
Color 3.20 3.47 3.87 3.87 3.20 3.13 3,07 3.54 3.54 3.11 3.40
Odor 3.07 3.07 3.33 3.33 2.93 3.27 3.27 3.26 3.46 2.83 3.18
Smoothness 3.80 3.67 3.60 3.33 3.27 3.53 3.40 3.29 3.80 3.46 3.51
Firmness 3.53 3.53 3.27 2.93 2.93 3.00 3.07 3.17 3.40 2.97 3.18
Elasticity 3.20 3.27 3.27 3.27 2.93 3.07 2.80 3.11 3.17 3.06 3.11
Graininess 3.67 3.60 3.20 3.13 3.60 3.13 3.13 3.31 3.57 3.17 3.35
Mouthfeel 3.53 3.33 3.53 3.60 3,67 3.73 3.47 3.46 3,77 3.43 3.55
Cheese Flavor 3.07 3.33 3.27 2.93 3.27 3.73 3.53 3.37 3.57 2.97 3.30
Beany Flavor 4.07 3.73 3.67 3.20 3.80 3.40 3.27 3,91 3.60 3.26 3.59
Rancidity 3.93 3.33 3.33 3.80 3.33 3.07 3.07 3.54 3.46 3.23 3.41
Acidity 3.53 3.53 3.40 3.67 3.13 3.27 3.20 3.57 3.34 3.26 3.39
Bitterness 3.20 3.33 3.13 2.87 3.20 3.53 3.47 3.43 3.31 3.00 3.25
Saltiness 3.00 3.00 3.00 3.27 3.13 3.27 3.20 3.14 3.17 3.06 3.12
Spreadability 4.00 4.00 4.00 3.73 4.00 3.80 3.87 3.86 3.94 3.94 3.91
TABLE XXVIII (continued)
Mean Sensory Scores for Fifteen Organoleptic Attributes of Soy Cheese Ripened at 4.4°C
C . Time Means (Weeks) B. Cheese Means Over­
all
Attribute 0 1 2  3 4 5 6 I II III Means
Gen. Appear. 3.60 3.60 3.73 3.90 3.53 3.40 3.37 3.90 3.76 3.11 3.59
Color 3.40 3.60 3.80 4.07 3.47 3.37 3,33 3.79 3.71 3.23 3.58
Odor 3.33 3.47 3.50 3.73 3.43 3.40 3.50 3.60 3.66 3.19 3.48
Smoothness 3.83 4.10 3.87 3.97 3.67 3.80 3.50 3.80 4.01 3.64 3.82
Firmness 3.27 3.60 3.30 3.23 3.20 3.20 3,13 3.36 3.51 2.96 3.28
Elasticity 3.37 3.40 3.30 3.47 3.13 2.80 2.87 3.23 3.24 3.10 3.19
Graininess 3.90 3.97 3.60 3.80 4.03 3.53 3.37 3.73 3.89 3.61 3.74
Mouthfeel 3.60 3.63 3.47 3.70 3,73 3.70 3,50 3.66 3.83 3.37 3.62
Cheese Flavor 3.67 3.47 3.20 3.33 3.37 3.50 3.53 3.60 3.64 3.07 3.44
Beany Flavor 4.03 3.83 3.53 3.50 3.73 3.63 3.47 3,93 3.74 3.36 3.68
Rancidity 3.80 3.70 3.43 3.83 3.63 3.40 3.20 3.76 3.57 3.39 3.57
Acidity 3.70 3.73 3.40 3.73 3.50 3.27 3.17 3,74 3.46 3,30 3.50
Bitterness 3.33 3.47 3.37 3.47 3.60 3.57 3.57 3,60 3.53 3.31 3.48
Saltiness 3.00 3.00 3.00 3.43 3.57 3.53 3.40 3.27 3.30 3.26 3.28
Spreadability 4.00 4.00 4.00 4.00 4.37 3.97 3.93 4.03 4.06 4.03 4.04
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significantly affected (p < 0 .0 1 ) were the mean hedonic scores for 
the remaining other eight attributes, color, smoothness, elasticity, 
graininess, rancidity, acidity, saltiness and spreadability. The 
mean scores for these nine significantly affected attributes increased 
to their maximum values during the third or fourth week of storage at 
4.4°C and then, with the exception of the scores for saltiness, de­
clined to their minimum storage scores during the sixth and final week.
In Table XXVIII above are presented the mean hedonic scores for 
each of the fifteen organoleptic attributes for: A, sensory panels;
B, kinds of soy cheese; C, elapsed time during ripening; and the two 
bivariate interactions, A x B and A x C , along with the overall means.
The mean hedonic scores associated with Panel I of the judges for 
each of the fifteen attributes were always higher than their respec­
tive counterparts associated with Panel II, but none of the differ­
ences between the two panels for the fifteen paired scores were sig­
nificant (p > 0.05). The difference in hedonic units between the 
overall mean scores of Panel I and those of Panel II for each of the 
organoleptic attributes, arranged in descending order of their F 
values, together with the probability levels of the latter, were as 
follows:
Probability
Attribute Difference F value Level
Odor 0.60 4.99 0.054
Graininess 0.78 4.53 0.064
Bitterness 0.46 2 . 6 6 0.139
Saltiness 0.31 2.55 0.147
Smoothness 0.61 2.47 0.153
General Appearance 0.38 2.28 0.167
Spreadability 0.25 1.85 0.209
Color 0.35 1 . 6 8 0.230
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Probability
Attribute Difference F value Level (p)
Cheese Flavor 0.27 1.17 0.310
Rancidity 0.32 1.15 0.316
Acidity 0 . 2 2 0.44 0.529
Firmness 0.19 0.27 0.619
Beany Flavor 0.17 0.17 0.694
Mouthfeel 0.14 0.16 0.698
Elasticity 0.16 0 . 1 2 0.733
The critical value of F at d.f. 1/8 is F __ = 5.32. The differ-. 05
ences between the means of the two sensory panels for the attributes 
of odor and graininess were close to significance at the 5% probability 
level.
Among the three kinds of cheese, Cheese I, II and III, the lowest 
mean hedonic scores for each of the fifteen organoleptic attributes 
were associated with Cheese III which contained the highest proportion 
of soy curd. The maximum mean scores for six attributes, general 
appearance, color, beany flavor, rancidity, acidity and bitterness 
were associated with Cheese I which contained the lowest proportion 
of soy curd. The maximum mean scores for the remaining nine attributes, 
odor, smoothness, firmness, elasticity, graininess, mouthfeel, cheese 
flavor, saltiness and spreadability were associated with Cheese II in 
which the proportion of soy curd to cow's milk curd was 1;2. The 
difference in hedonic units between the maximum and minimum mean scores 
for each of the organoleptic attributes, arranged in descending order 
of their F values, together with the probability levels of the latter, 
were as follows:
Probability
Attribute Difference F value Level (p)
General Appearance 0.79 29.67** 0.0001
Color 0.56 17.00** 0.0001
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**p < 0 . 0 1
The critical values of F at d.f. 2/160 are F = 3.06 and F = 4.75.• 03 •U1
Five attributes, bitterness, graininess, elasticity, saltiness and 
spreadability were not significantly (p > 0.05) affected by increased 
proportions of soy curd in the samples of cheese.
Increasing the length of time that the cheese samples were ripened 
increased the mean hedonic scores of thirteen of the organoleptic 
attributes. Cheese flavor and beany flavor were the two exceptional 
attributes for which the maximum mean scores were associated with sam­
ples of fresh, unripened cheese. The specific week during the ripening 
period in which the other thirteen attributes attained their maximum 
values were: first week, smoothness, firmness and acidity; second week, 
none; third week, general appearance, color, odor, elasticity and ran­
cidity; fourth week, graininess, mouthfeel, bitterness, saltiness and 
spreadability; fifth and sixth weeks, none.
At the start of the ripening period minimum mean hedonic scores 
for three attributes, odor, bitterness and saltiness, were associated 
with the samples of fresh, unripened cheese. For saltiness, the minimum
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mean score remained constant at 3.0 through the first and second week 
of the ripening period. The specific week during which the other 
twelve attributes reached their minimum values were: second week, 
cheese flavor; third and fourth weeks, none; fifth week, elasticity; 
sixth week, ten attributes, namely, general appearance, color, 
smoothness, firmness, graininess, mouthfeel, beany flavor, rancidity, 
acidity and spreadability.
The difference in hedonic units between the maximum and minimum 
mean scores for each of the organoleptic attributes, arranged in 
descending order of their F values, together with the probability 
levels of the latter, were as follows:
Probability
Attribute Difference F value level (p)
Saltiness 0.57 10.93** 0 . 0 0 0 1
Color 0.74 5.78** 0 . 0 0 0 1
Elasticity 0.67 5.03** 0 . 0 0 0 2
Rancidity 0.63 4.15** 0.0009
Acidity 0.56 3.96** 0.0013
Smoothness 0.60 3.44** 0.0035
Spreadability 0.44 3.41** 0.0038
Graininess 0 . 6 6 2.99** 0.0088
General Appearance 0.53 2.49* 0.0245
Firmness 0.47 1.64 0.1388
Beany Flavor 0.56 1.61 0.1474
Cheese Flavor 0.47 1 . 2 2 0.2955
Odor 0.40 1.06 0.3876
Mouthfeel 0.23 0.64 0.6966
Bitterness 0.27 0.52 0.7950
**p < 0 . 0 1
*p < 0.05
The critical values of F at d.f. 6/160 are F = 2.16 and F = 2.92.• 0 b • U X
The length of the ripening period at 4.4°C had no significant effect 
(p > 0.05) on the mean hedonic scores for six attributes, firmness, 
beany flavor, cheese flavor, odor, mouthfeel and bitterness of the
samples of cheese.
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The A x B interaction (panels of judges x kinds of cheese), for 
which the means are given in Table XXVIII above, was not statistically 
significant (p > 0.05) for the following organoleptic attributes of 
cheese: color, odor, firmness, elasticity, graininess, mouthfeel, 
cheese flavor, beany flavor, rancidity, acidity, bitterness, saltiness 
and spreadability. This indicated that, with respect to the mean 
hedonic scores associated with Cheese I, II and III for each of these 
thirteen attributes, relationships between sensory panels x kinds of 
cheese were consistent for all samples of cheese. That is, the mean 
scores of the two panels of judges were in agreement as to the rela­
tive effects that occurred among these thirteen attributes when dif­
ferent proportions of soy curd were incorporated in the three kinds 
of cheese. The A x B interaction was very significant (p < 0.01) for 
the two other attributes, general appearance and smoothness. This 
indicated that, with respect to the mean hedonic scores associated 
with Cheese I, II and III for each of these two attributes, relation­
ships between sensory panels x kinds of cheese were not consistently 
maintained for all samples of cheese. Concerning the general appear­
ance of the three kinds of cheese ripened at 4.4°C, both sensory panels 
rated Cheese I and II higher than Cheese III, but Panel I rated 
Cheese I and II much more above Cheese III than did Panel II. In 
regard to the attribute of smoothness, the mean scores of Panel I 
indicated that as the proportion of soy curd increased from 1:3 to 
1:2 to 1:1 in Cheese I, II and III, respectively, the smoothness of 
the cheese samples progressively decreased, whereas the mean scores 
of Panel II indicated Cheese II to be the smoothest, followed by
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Cheese III, with Cheese I heing the least smooth of the three kinds 
of cheese.
The A x C interaction (panels of judges x weeks of ripening time) 
was not statistically significant (p > 0.05) for the following attri­
butes of soy cheese: general appearance, color, odor, elasticity, 
graininess, mouthfeel, cheese flavor, beany flavor, acidity and bitter­
ness. This indicated that, with respect to the mean weekly hedonic 
scores for each of these ten attributes, relationships between sensory 
panels x elapsed time during ripening were consistent for all samples 
of cheese. That is, the mean scores of the two panels of judges were 
quite similar in regard to the effect of ripening time on each of 
these ten attributes of the samples of cheese. The A x C interaction 
was significant (p <0.05) for two attributes, firmness and rancidity, 
and very significant (p < 0 .0 1 ) for three other attributes, smoothness, 
saltiness and spreadability. This indicated that, with respect to 
the mean weekly hedonic scores for these five attributes, the relation­
ships between sensory panels x elapsed time during ripening were not 
consistently maintained for all samples of cheese. Stated in terms 
of preferences, the significant A x C interactions indicated that in 
regard to the four attributes of firmness, rancidity, smoothness and 
spreadability, Panel I (native Iranian LSU students) generally found 
the ripened cheese samples to be more acceptable than the fresh cheese 
samples, whereas Panel II (native American LSU students) found the 
samples of fresh cheese to be more acceptable than their ripened 
counterparts. Concerning the attribute of saltiness, both panels 
preferred the products that had been ripened from three to five weeks,
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but Panel I expressed a far greater preference for the degree of 
saltiness in well ripened cheese than did Panel II,
The results of the analysis of variance (Appendix Table XXVIIa) 
showed that the bivariate interaction, B x C (kinds of cheese x weeks 
of ripening time) and the trivariate interaction, A x B x C (panels 
of judges x kinds of cheese x weeks of ripening time) were not sif~ 
nificant (p < 0.05) for any of the fifteen organoleptic attributes 
of soy cheese.
Results of the analysis of variance for four variables of fifteen 
organoleptic attributes of soy cheese ripened for three weeks at 4.4°C 
and at 29.4°C are presented in Appendix Table XXVIIIa. The f ,ur 
sources of variation, A - two sensory panels, B - three kinds of 
cheese, C - four periods of elapsed time during ripening, and D - 
two levels of temperature during ripening, affected the mean hedonic 
scores for the fifteen attributes as follows:
(A) The mean scores of Panel I for thirteen of the attributes were 
slightly higher than the corresponding scores of Panel II, For the 
two attributes of firmness and rancidity the mean scores of Panel II 
were slightly higher than those of Panel I. The differences between 
the mean scores of the two sensory panels were not significant
(p >0.05) for any of the fifteen attributes.
(B) The proportions of soy curd in the three kinds of cheese did not 
significantly (p >0.05) affect the mean scores for three attributes, 
bitterness, saltiness and spreadability. As the proportions of soy 
curd in the cheese samples increased, the mean hedonic scores for 
seven of the attributes progressively decreased, either significantly 
(p < 0.05) as for elasticity or very significantly (p < 0.01) as in
the case of six attributesgeneral appearance, color, odor, cheese 
flavor, beany flavor, and acidity. The mean scores for the five re­
maining attributes, smoothness, firmness, graininess, mouthfeel and 
rancidity increased to their maximum values when the proportion of soy 
curd in the cheese increased from 1:3 to 1:2 but then decreased very 
significantly (p < 0 .0 1 ) when the proportion of soy curd was increased 
from 1 : 2  to 1 :1 .
(C) The length of time the cheese samples were ripened did not sig­
nificantly (p > 0.05) affect the mean hedonic scores for seven attri­
butes, general appearance, smoothness, firmness, elasticity, graini­
ness, bitterness and spreadability. Significantly affected (p < 0.05) 
by the length of ripening time were the mean scores for odor, and very 
significantly affected (p < 0 .0 1 ) were the mean scores for the other 
seven attributes, color, mouthfeel, cheese flavor, beany flavor, ran­
cidity, acidity and saltiness. Maximum mean scores for color, odor 
and saltiness occurred during the third week of the ripening period, 
while the maximum values for mouthfeel, cheese flavor, beany flavor, 
rancidity and acidity were associated with samples of fresh, unripened 
cheese.
(D) Increasing the ripening temperature of the cheese samples from 
4.4° to 29.4°C had no significant effect (p > 0.05) on the mean hedonic 
scores of eight attributes, general appearance, color, smoothness, firm­
ness, graininess, beany flavor, saltiness and spreadability. Signifi­
cant (p < 0.05) decreases in mean scores occurred for two attributes, 
odor and elasticity, while very significant (p < 0 .0 1 ) decreases in
TABLE XXIX
Mean Sensory Scores for Fifteen Organoleptic Attributes of Soy Cheese Ripened at 4.4° and 29.4°C
A Bivariate, A x C Time (Weeks)
Bivariate, A x B 
Sov Cheese
Bivariate, A x D 
Temp. (°C)
A
PanelPanel 0  1 2 3 I II III 4.4o 29.4° Means
Gen. Appear. 4.00 3.73 3.67 3.90 4.22 4.08 3.18 3.92 3.73 3.82
Color 3.60 3.67 3.70 4.10 4.05 3.88 3.75 3.83 3.70 3.77
Odor 3.60 3.67 3.50 4.10 3.85 3.70 3.60 3.82 3.62 3.72
Smoothness 3.87 4.30 4.10 4.53 4.32 4.30 3.98 4.28 4.12 4.20
Firmness 3.00 3.43 3.23 3.37 3.38 3.45 2.95 3.38 3.13 3.26
Elasticity 3.53 3.30 3.27 3.53 3.52 3.45 3.25 3.52 3.30 3.41
Graininess 4.13 4.10 3.97 4.43 4.30 4.20 3.98 4.23 4.08 4.16
Mouthfeel 3.67 3.73 3.00 3.57 3.75 3.52 3.20 3.70 3.28 3.49
Cheese Flavor 4.26 3.50 2.80 3.27 3.65 3.52 3.20 3.68 3.23 3.46
Beany Flavor 4.00 4.23 3.40 3.87 4.20 3.88 3.55 3.78 3.97 3.88
Rancidity 3.67 3.70 2.90 3.40 3.58 3.42 3.25 3.78 3.05 3.42
Acidity 3.87 3.53 2.93 3.43 3.65 3.48 3.20 3.75 3.13 3.44
Bitterness 3.47 3.33 3.00 3.47 3.38 3.32 3.25 3.68 2.95 3.32
Saltiness 3.00 3.00 3.00 3.60 3.15 3.15 3.15 3.15 3.15 3.15
Spreadability 4.00 4.00 4.00 4.27 4.10 4.05 4.05 4.07 4.07 4.06
Gen. Appear. 3.20 3.37 3.60 3.60 3.72 3.55 3.05 3.50 3.38 3.44
Color 3.20 3.43 3.80 3.77 3.68 3.62 3.35 3.60 3.50 3.55
Odor 3.07 3.03 3.17 3.13 3.25 3.35 2.70 3.20 3.00 3.10
Smoothness 3.80 3.60 3.47 3.30 3.38 3.75 3.50 3.60 3.48 3.54
Firmness 3.53 3.47 3.27 3.03 3.27 3.52 3.18 3.32 3.33 3.32
Elasticity 3.20 3.30 3.13 3.07 3.28 3.22 3.02 3.25 3.12 3.18
Graininess 3.67 3.47 3.20 3.10 3.40 3.55 3.12 3.40 3.32 3.36
Mouthfeel 3.53 3.07 3.23 3.40 3.17 3.55 3.20 3.50 3.12 3.31
Cheese Flavor 3.07 2.93 2.97 2.73 3.05 3.12 2.60 3.15 2.70 2.92
Beany Flavor 4.07 3.53 3.53 2.93 3.75 3.70 3.10 3.67 3.37 3.52
Rancidity 3.93 3.17 3.17 3.63 3.52 3.70 3.20 3.60 3.35 3.48
Acidity 3.53 3.37 3.20 3.20 3.45 3.42 3.10 3.53 3.12 3.32
Bitterness 3.20 3.03 2.90 2.67 3.05 3.15 2.65 3.13 2.77 2.95
Saltiness 3.00 3.00 3.00 3.27 3.07 3.10 3.02 3.07 3.07 3.07
Spreadability 4.00 4.00 4.00 3.67 3.85 3.92 3.98 3.93 3.90 3.92 127
TABLE XXIX (Continued)
Mean Sensory Scores for Fifteen Organoleptic Attributes of Soy Cheese Ripened at 4.4° and 29.4°C
C. Time Means (Weeks) B. Cheese Means




Attribute 0 1 2 3 I II III 4.4° 29.46 Means
Gen. Appear. 3.60 3.55 3.63 3.75 3.98 3.81 3.11 3.71 3.56 3.63
Color 3.40 3.55 3.75 3.93 3.86 3.75 3.36 3.72 3.60 3.66
Odor 3.33 3.35 3.33 3.62 3.55 3.52 3.15 3.51 3.31 3.41
Smoothness 3.83 3.95 3.78 3.92 3.85 4.02 3.74 3.94 3.80 3.87
Firmness 3.27 3.45 3.25 3.20 3.32 3.49 3.06 3.35 3.23 3.29
Elasticity 3.67 3.30 3.20 3.30 3.40 3.34 3.14 3.38 3.20 3.29
Graininess 3.90 3.78 3.58 3.77 3.85 3.88 3.55 3.82 3.70 3.76
Mouthfeel 3.60 3.40 3.12 3.48 3.46 3.54 3.20 3.60 3.20 3.40
Cheese Flavor 3.67 3.22 2.88 3.00 3.35 3.32 2.90 3.42 2.97 3.19
Beany Flavor 4.03 3.88 3.47 3.40 3.98 3.79 3.32 3.72 3.67 3.70
Rancidity 3.80 3.43 3.03 3.52 3.55 3.56 3.22 3.69 3.20 3.45
Acidity 3.70 3.45 3.07 3.32 3.55 3.45 3.15 3.64 3.12 3.38
Bitterness 3.33 3.18 2.95 3.07 3.21 3.24 2.95 3.41 2.86 3.13
Saltiness 3.00 3.00 3.00 3.43 3.11 3.12 3.09 3.11 3.11 3.11
Spreadability 4.00 4.00 4.00 3.97 3.98 3.99 4.01 4.00 3.98 3.99
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TABLE XXIX (concluded)
Mean Sensory Scores for Fifteen Organoleptic Attributes of Soy Cheese
Ripened at 4.4° and 29.4°C
Ripening
Temperature Attribute 0
Bivariate, C x D 
Time (Weeks)
.1 2 3
Gen. Appear. 3.60 3.60 3.73 3.90
Color 3.40 3.60 3.80 4.07
Odor 3.33 3.47 3.50 3.73
Smoothness 3.83 4.10 3.87 3.97
Firmness 3.27 3.60 3.30 3.23
Elasticity 3.37 3.40 3.30 3.47
Graininess 3.90 3.97 3.60 3.80
Mouthfeel 3.60 3.63 3.47 3.70
Cheese Flavor 3.67 3.47 3.20 3.33
Beany Flavor 4.03 3.83 3.53 3.50
Rancidity 3.80 3.70 3.43 3.83
Acidity 3.70 3.73 3.40 3.73
Bitterness 3.33 3.47 3.37 3.47
Saltiness 3.00 3.00 3.00 3.43
Spreadability 4.00 4.00 4.00 4.00
Gen. Appear. 3.60 3.50 3.53 3.60
Color 3.40 3.50 3.70 3,80
Odor 3.33 3.23 3.17 3.50
Smoothness 3.83 3.80 3,70 3.87
Firmness 3.27 3.30 3,20 3.17
Elasticity 3.37 3.20 3.10 3.13
Graininess 3.90 3.60 3.57 3.73
Mouthfeel 3.60 3.17 2.77 3.27
Cheese Flavor 3.67 2.97 2.57 2.67
Beany Flavor 4.03 3.93 3.40 3.30
Rancidity 3.80 3.17 2.63 3.20
Acidity 3.70 3.17 2.73 2.90
Bitterness 3.33 2.90 2.53 2.67
Saltiness 3.00 3.00 3.00 3.43
Spreadability 4.00 4.00 4.00 3.93
130
mean scores occurred £q e five attributes, mouthfeel, cheese flavor, 
rancidity, acidity a,nd bitterness.
In Table XXIX above are presented the mean hedonic scores for 
each of the fifteen organoleptic attributes of soy cheese for: A, sen­
sory panels; B, kinds of soy cheese; C, elapsed time during ripening 
of the cheese; D, temperature of the cheese during ripening; the four 
bivariate interactions, A x B, A x C, A x D, C x D ,  along with the 
overall means.
The mean hedonic scores associated with Panel I of the judges 
(five native Iranian LSU students) for thirteen of the attributes 
were slightly higher than their respective counterparts associated 
with Panel II (five native American LSU students). For the other two 
attributes, rancidity and firmness, the mean scores of Panel II were 
slightly higher than those of Panel I. None of the differences be­
tween the two panels, however, for any of the fifteen paired scores 
were significant (p > 0.05). The difference in hedonic units between 
the overall mean scores of Panel I and those of Panel II for each of 
the organoleptic attributes, arranged in descending order of their F 
values, together with the probability levels of the latter, were as 
follows:
Probability
Attribute Difference F value Level (p)
Graininess 0.80 4.84 0.057
Odor 0.62 4.23 0.072
Smoothness 0.66 2.90 0.125
General Appearance 0.38 2.66 0.139
Cheese Flavor 0.54 2.62 0.142
Spreadability 0.15 2.14 0,180
Bitterness 0.37 0.96 0.643
Color 0.22 0.64 0,547
Beany Flavor 0.36 0.49 0.509
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The critical value of F at d.f. 1/8 is F = 5,32. The differences 
between the means of the two sensory panels for the attributes of 
graininess and odor were approaching significance at the 5% proba­
bility level.
Among the samples of the three kinds of cheese, Cheese I, II and 
III, which were ripened for three weeks at 4,4° and 29.4°C, the lowest 
mean hedonic scores for fourteen of the attributes were associated 
with Cheese III in which the proportion of soy curd to cow's milk curd 
was 1:1. The lone exception to this group was the attribute of spread­
ability for which the least mean score was associated with Cheese I 
which contained the lowest (1:3) proportion of soy curd. Associated 
also with Cheese I were the maximum mean scores for seven attributes, 
general appearance, color, odor, elasticity, cheese flavor, beany 
flavor, and acidity. The maximum mean scores for seven other attri­
butes, smoothness, firmness, graininess, mouthfeel, rancidity, bitter­
ness and saltiness were associated with Cheese II in which the propor­
tion of soy curd to cow's milk curd was 1:2. The mean scores for 
spreadability were virtually the same for Cheese I, II and III since 
its maximum value in Cheese I differed by only 0.03 hedonic units from 
its minimum value in Cheese III, The difference in hedonic units 
between the maximum and minimum mean scores for each of the organoleptic
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attributes, arranged in descending order of their F values, together 
with the probability levels of the latter, were as follows:
Attribute Difference F value
Probability 
level (p)
General Appearance 0.87 39.90** 0.0001
Color 0.50 12.44** 0.0001
Beany Flavor 0.66 11.46** 0.0001
Odor 0.40 10.93** 0.0001
Firmness 0.43 9.83** 0.0002
Cheese Flavor 0.45 8.75** 0.0005
Acidity 0.40 7.30** 0.0012
Rancidity 0.34 5.33** 0,0059
Mouthfeel 0,34 4,86** 0.0089
Smoothness 0.28 4.67* 0.0106
Elasticity 0.26 3.51* 0.0311
Graininess 0,33 3.48* 0.0320
Bitterness 0.29 2.77 0.0637
Spreadability 0.03 0.23 0.8006
Saltiness 0.03 0.18 0.8346
The critical values of F at d.f. 2/184 are F -,c = 3.05 and F =4.73.
. 0 5  . 0 1
Three attributes, bitterness, spreadability and saltiness were not 
significantly affected by increased proportions of soy curd in the 
samples of cheese.
The length of ripening time during the three weeks the samples of 
cheese were stored at 4.4° and 29.4°C significantly affected the mean 
hedonic scores for eight attributes, color, odor, mouthfeel, cheese 
flavor, beany flavor, rancidity, acidity and saltiness. The mean 
scores for three attributes, color, odor and saltiness increased from 
minimum values associated with fresh, unripened cheese to maximum 
values which were attained at the end of the three weeks storage 
period. In contrast, the mean scores for five attributes, mouthfeel, 
cheese flavor, beany flavor, rancidity and acidity, decreased from 
maximum values associated with fresh, unripened cheese to minimum
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values which, for mouthfeel, cheese flavorf rancidity and acidity 
occurred at the end of the second week of storage. The minimum mean 
score for beany flavor occurred at the end of the third week of stor­
age. The length of ripening time did not significantly (p > 0,05) 
affect the mean hedonic scores for seven attributes, general appear­
ance, smoothness, firmness, elasticity, graininess, bitterness and 
spreadability. The difference in hedonic units between the maximum 
and minimum mean scores for each of the organoleptic attributes, 
arranged in descending order of their F values, together with the 
probability levels of the latter, were as follows:
Probability
Attribute Difference F value level (p)
Saltiness 0.43 17.64** 0.0001
Cheese Flavor 0.79 12.25** 0.0001
Rancidity 0.77 10.95** 0.0001
Acidity 0.63 8.82** 0.0001
Beany Flavor 0.63 7.40** 0.0003
Color 0.53 7.35** 0.0003
Mouthfeel 0.48 4.92** 0.0030
Odor 0.29 3.16* 0.0255
Bitterness 0.38 2.20 0.0885
Firmness 0.25 1.92 0.1271
Graininess 0.32 1.37 0.2537
General Appearance 0.20 1.03 0.3820
Smoothness 0.17 0.97 0.5898
Elasticity 0.47 0.66 0.5811
Spreadability 0.03 0.13 0.9419
The critical values of F at d.f. 3/184 are F q ,. = 2.66 and F^q -̂ = 3.90.
Increasing the ripening temperature of the soy cheese samples 
from 4.4° to 29.4°C was associated with decreases in mean hedonic 
scores for all attributes except saltiness for which the values re­
mained constant. The decreases, however, for seven attributes, gen­
eral appearance, color, smoothness, firmness, graininess, beany flavor
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and spreadability were npt statistically significant (p > 0,05), The 
25°C increase in ripening temperature adversely affected the mean 
scores either significantly (p < 0,05) as for odor and elasticity, or 
very significantly (p < 0.01) as in the case for five attributes, 
mouthfeel, cheese flavor, rancidity, acidity and bitterness. The de­
crease in hedonic units associated with the 25°C elevation of ripening 
temperature for each of the fifteen organoleptic attributes, arranged 
in descending order of their F values, together with the probability 
levels of the latter, were as follows:
Probability
Attribute Difference F value Level (]
Acidity 0.52 33,71** 0.0001
Rancidity 0.49 26.41** 0.0001
Bitterness 0.55 24.75** 0.0001
Cheese Flavor 0.45 20.78** 0.0001
Mouthfeel 0.40 18.58** 0.0001
Odor 0.20 6.53* 0.0111
Elasticity 0.18 4.70* 0,0295
Smoothness 0.14 3.35 0.0654
General Appearance 0.15 3.21 0.0714
Firmness 0.12 2.18 0.1373
Color 0.12 1.85 0.1724
Graininess 0.12 1.08 0.2993
Beany Flavor 0.05 0.26 0.6162
Spreadability 0.02 0.13 0.7205
Saltiness 0.00 0.00 1.0000
The critical values of F at d.f. 1/184 are F = 3.90 and F q -̂ = 6.79.
The A x B interaction (panels of judges x kinds of cheese) for 
which the mean hedonic scores are given in Table XXIX above, was not 
statistically significant (p > 0.05) for the following twelve attri­
butes of soy cheese: general appearance, color, firmness, elasticity, 
graininess, cheese flavor, beany flavor, rancidity, acidity, bitter­
ness, saltiness and spreadability. This indicated that, with respect
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to the mean hedonic scores associated with Cheese I, II and III in 
which the proportions of soy curd to cow's milk curd were 1:3, 1:2 
and 1:1, respectively, for each of these twelve attributes, relation­
ships between sensory panels x kinds of cheese were consistent for 
all samples of cheese. That is, both panels of judges agreed that, 
with respect to these twelve attributes, Cheese III ranked lowest of 
the three kinds of cheese. The A x B interaction was significant 
(p < 0.05) for the three other attributes, odor, smoothness and mouth­
feel. This indicated that, with respect to the mean hedonic scores 
associated with Cheese I, II and III for each of these three attributes, 
relationships between sensory panels x kinds of cheese were not con­
sistently maintained for all samples of cheese. Concerning the odor 
of the three kinds of cheese, both sensory panels agreed that the odor 
of Cheese III was not as good as that of Cheese I or II, but Panel I 
(composed of five native Iranian LSU students) gave highest preference 
to the odor of Cheese I whereas Panel II (composed of five native Amer­
ican LSU students) gave highest preference to the odor of Cheese II.
With respect to the attributes of smoothness and mouthfeel, Panel I 
gave its highest ratings for both attributes to Cheese I and its lowest 
ratings to Cheese III, whereas Panel II gave its highest ratings to 
Cheese II with Cheese I receiving the lowest ratings.
The A x C interaction (panels of judges x weeks of ripening time) 
was not significant (p < 0.05) for the mean hedonic scores for five 
attributes of soy cheese, color, elasticity, acidity, bitterness and 
saltiness. This indicated that, with respect to the mean weekly
136
hedonic scopes* fop each. q £  these five a t t r i b u t e s ,  relationships be­
tween sensory panels x elapsed time during ripening were consistent 
for all samples of cheese. The two panels of judges were in agree­
ment that (1) with respect to elasticity, acidity and bitterness, sam­
ples of cheese ripened for two or three weeks were not as good as sam­
ples of fresh, unripened cheese but (2) with respect to the attributes 
of color and saltiness, cheese samples ripened for three weeks were 
better than the samples of fresh, unripened cheese. The A x C inter­
action was significant (p < 0.05) for the three attributes, general 
appearance, odor and graininess, and highly significant (p < 0.01) 
for the seven attributes, smoothness, firmness, mouthfeel, cheese 
flavor, beany flavor, rancidity, and spreadability. This indicated 
that, with respect to the mean weekly scores for each of the above ten 
attributes, relationships between sensory panels x elapsed time during 
ripening were not consistently maintained for all samples of cheese.
In terms of preferences, Panel I preferred samples of cheese that had 
been (1) ripened one week with respect to the attributes of firmness, 
mouthfeel, beany flavor and rancidity, and (2) ripened three weeks with 
respect to the attributes of smoothness, graininess, and spreadability, 
as compared with the quality of these seven attributes in fresh, un­
ripened cheese. Panel II, on the other hand, with respect to these 
seven attributes, preferred samples of fresh, unripened cheese to 
samples of cheese that had been ripened for two or three weeks.
Panel I rated the attribute of general appearance highest in fresh, 
unripened cheese and lowest in cheese samples that had been ripened
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for two weeks f whereas Panel H  rated general appearance highest for 
samples that had been ripened for two or three weeks and lowest for 
samples of fresh, unripened cheese. Concerning the attribute of odor, 
Panel I gave its lowest rating and Panel II gave its highest rating 
to the samples of cheese that had been ripened for two weeks. With 
regard to the attribute of cheese flavor, both panels preferred the 
cheese flavor of fresh, unripened samples of soy cheese, but Panel I 
gave these samples a much higher score than did Panel II. Panel I 
gave its lowest rating for cheese flavor to samples that had been 
ripened two weeks, whereas Panel II gave its lowest rating for cheese 
flavor to samples that had been ripened three weeks.
The A x D interaction (panels of judges x ripening temperature) 
for which the mean hedonic scores are given in Table XXIX above, was 
not significant (p > 0.05) for the following thirteen attributes of 
soy cheese: general appearance, color, odor, smoothness, firmness, 
elasticity, graininess, mouthfeel, cheese flavor, acidity, bitterness, 
saltiness and spreadability. This indicated that, with respect to 
the mean weekly hedonic scores for each of the above named attributes, 
relationships between sensory panels x temperature of cheese samples 
during ripening were consistent for all samples of cheese. The two 
panels of judges were in agreement that, with respect to each of the 
above thirteen attributes, cheese samples ripened at 4.4°C were better 
than those ripened at 29.4°C. The A x D interaction was significant 
(p < 0.05) for the two attributes, beany flavor and rancidity. This 
indicated that, with respect to the mean hedonic scores associated 
with each of the two ripening temperatures, 4.4°C and 29.4°C, for each 
of the two attributes, relationships between sensory panels x temper­
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ature of cheese samples during ripening were not consistently main­
tained for all samples of cheese. Regarding the beany flavor, Panel I 
preferred samples of cheese ripened at 29.4°C whereas Panel II pre­
ferred samples ripened at 4.4°C. Concerning the attribute of rancidity, 
both panels agreed that cheese samples ripened at 29.4°C were more 
rancid than their counterparts ripened at 4.4°C but Panel I found a 
far greater difference in rancidity between the samples of cheese 
ripened at 4.4°C and those ripened at 29.4°C than did Panel II.
The C x D interaction (ripening time x ripening temperature) was 
not significant (p > 0.05) for the mean hedonic scores for twelve 
attributes of soy cheese, general appearance, color, odor, smoothness, 
firmness, elasticity, graininess, mouthfeel, cheese flavor, beany 
flavor, saltiness and spreadability. This indicated that, with respect 
to the mean hedonic scores for each of these twelve attributes, rela­
tionships between ripening time x ripening temperature were consistent 
for all samples of cheese. The C x D interaction was significant 
(p < 0.05) for the two attributes, rancidity and bitterness, and very 
significant (p < 0.01) for the attribute of acidity. This indicated 
that, with respect to the mean hedonic scores for each of these three 
attributes, relationships between ripening time x ripening temperature 
were not consistently maintained for all samples of cheese. That is, 
maximum mean scores for rancidity, bitterness and acidity for samples 
of cheese ripened at 4.4°C were associated with the third week of 
ripening, whereas maximum values for these attributes of the samples 
ripened at 29.4°C were associated with samples of fresh, unripened 
cheese. In terms of acceptability, ripening the samples of cheese at 
29.4°C had an adverse effect on the attributes of rancidity, bitterness
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and rancidity, whereas these attributes were enhanced when the ripening 
temperature was 4.4°C.
The results of the analysis of variance (Appendix Table XXVIIIa) 
showed that the two bivariate interactions, B x C and B x D, the four 
trivariate interactions, A x B x C ,  A x B x D ,  A x C x D  and B x C x D, 
and the quadrivariate interaction, A x B x C x D were not statistically 
significant (p < 0.05) for any of the fifteen organoleptic attributes 
of soy cheese.
Simple Correlations Between Chemical Parameters 
and Organoleptic Attributes of Soy Cheese
In Appendix Table XXIXa are presented two sets of correlation 
coefficients, one set each for the two sensory panels, Panel I which 
was composed of five native Iranian LSU students, and Panel II which 
was composed of five native American students. In each set are 
listed 480 values representing all possible combinations of thirty-two 
chemical parameters with fifteen organoleptic attributes of soy cheese. 
The wet-weight data for the chemical parameters and each panel's mean 
hedonic scores for the organoleptic attributes were used in computing 
the correlation coefficients.
Of the 480 correlation coefficients in each set, 120 pertain to 
the eight chemical parameters that described the general chemical com­
position of the cheese, 165 pertain to the eleven free fatty acids, 
and 195 pertain to ammonia and the twelve free amino acids.
Among the 120 correlation coefficients associated with the eight 
parameters of general chemical composition the values ranged from -.796 
for the general appearance - moisture pair to +.821 for the general 
appearance - fat pair. The number of significant (p < 0.05 & p < 0.01 
levels combined) correlations associated with the hedonic scores of
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Panel I amounted to 46; the corresponding number for Panel II was 42; 
of these, 23 significant correlations were common to both panels with 
23 others being peculiar to Panel I and 19 peculiar to Panel II.
Based on the tallies of significant correlations associated with each 
of the fifteen organoleptic attributes and arranged in descending 
order of the size of the tallies, the similarities and differences 
between the two sensory panels with respect to the eight parameters 
of general chemical composition of soy cheese were as follows:
______ Number of Significant Correlations______
A. Common to B. Peculiar C, Peculiar 
Attribute Panels I & II to Panel I to Panel II Total
Smoothness 1 6 1 8
General Appearance 6 0 1 7
Color 6 1 0 7
Beany Flavor 4 1 1 6
Firmness 0 5 1 6
Odor 1 0 4 5
Bitterness 0 3 2 5
Cheese Flavor 0 2 2 4
Mouthfeel 0 4 0 4
Saltiness 2 0 1 3
Rancidity 1 1 1 3
Spreadability 0 0 3 3
Acidity 2 0 0 2
Elasticity 0 0 1 1
Graininess 0 0 1 1
23 23 19 65
Smoothness. Of the eight possible pairs of relationships between 
smoothness and chemical composition parameters, the only relationship 
that was common to both sensory panels was the correlation between 
mean hedonic scores for smoothness and pH values of the cheese sam­
ples. The values for the two panels were strikingly different. The 
correlation coefficient associated with Panel I was negative (-.361*) 
whereas that for Panel II was positive (+.484**). In terms of 
acceptability, this indicated that as the pH of the cheese samples
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increased, Panel II found that the cheese became smoother while 
Panel I found that it became less smooth. Peculiar to Panel I were 
the six correlations between smoothness and the laboratory values 
for moisture, fat, titratable acidity, sodium chloride, total protein 
and total solids. The correlation with moisture was negative while 
the other five were positive. This indicated that as the moisture 
content of the cheese increased, Panel I found that the cheese became 
less smooth, whereas with increasing content of fat, or titratable 
acids, or sodium chloride, or total protein, or total solids, the 
cheese samples became smoother. Peculiar to Panel II was the corre­
lation between smoothness and water soluble protein which was negative. 
This indicated that as the content of water soluble protein in soy 
cheese increased, Panel II found that the cheese became less smooth.
In the outline below, under each of the fifteen organoleptic 
attributes of soy cheese, are enumerated the chemical composition 
parameters for which the laboratory analytical values yielded signifi­
cant correlations that were: A - common to Panel I & Panel II; B -
peculiar to Panel I; and C - peculiar to Panel II. A minus sign (-) 
preceding the named chemical parameter indicates that the correlation 
was negative.
Smoothness: A. (-) for Panel I & (+) for Panel II; pH
B. fat, titratable acidity, sodium chloride, total protein, 
total solids and (-)moisture
C, (-)water soluble protein
General Appearance: A. fat, titratable acidity, sodium chloride, total
protein, total solids and (-)moisture
B . none
C. (-)pH
Color: A. fat, titratable acidity, sodium chloride, total protein, 




Beany Flavor: A. fat, total protein, total solids and (-)moisture
B. sodium chloride
C. (-)water soluble protein
Firmness: A. none
B. fat, sodium chloride, total protein, total solids and 
(-)moisture
C. (-)water soluble protein
Odor: A. total protein
B . none
C. fat, sodium chloride, total solids and (-)moisture
Bitterness: A. none
B. titratable acidity, pH and (-)water soluble protein
C. fat and total protein
Cheese Flavor: A. none
B. pH and (-)water soluble protein
C. fat and total protein
Mouthfeel: A. none
B. fat, total protein, total solids and (-)moisture
C . none
Saltiness: A. water soluble protein and (-)pH
B . none
C. total protein





C. pH, (-)titratable acidity and (-)water soluble 
protein
Acidity: A. fat and (-)water soluble protein
B. none#
C. none#
#It should be noted that under Bitterness above, the 
analytical values for both titratable acidity and pH 
were positively correlated with Panel 1 1s hedonic 
scores for the attribute of bitterness, yet the he­
donic scores for acidity, whether associated with 
Panel I or with Panel II, gave no significant 
(p >0.05) correlations with the analytical values 




C. (-)water soluble protein
Graininess: A. none
B . none
C. (-)water soluble protein
Among the 165 correlation coefficients associated with the fifteen 
organoleptic attributes and the eleven free fatty acids in soy cheese, 
the values ranged from -.595** for bitterness vs butyric acid to 
+.696** for color vs acetic acid. The number of significant (p < 0.05 
& p < 0.01 levels combined) correlations associated with the hedonic 
scores of Panel I amounted to 40; the corresponding number for Panel II 
was 34; of these, 14 significant correlations were common to both 
panels with 26 others being peculiar to Panel I and 20 peculiar to 
Panel II. Based on the count of significant correlations associated 
with each of the fifteen organoleptic attributes and arranged in des­
cending order according to the total counts, the similarities and 
differences between the two sensory panels with respect to the eleven 
free fatty acids were as follows:
Attribute
A. Common to 




to Panel II Total
Color 3 6 0 9
General Appearance 8 0 0 8
Odor 0 0 8 8
Smoothness 0 4 1 5
Firmness 0 5 0 5
Saltiness 0 0 5 5
Beany Flavor 0 4 0 4
Spreadability 0 0 4 4
Mouthfeel 0 3 0 3
Graininess 1 1 0 2
Bitterness 1 1 0 2
Elasticity 0 0 2 2
Cheese Flavor 1 0 0 1
Rancidity 0 1 0 1
Acidity 0 1 0 1
14 26 20 60
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Under each of the fifteen organoleptic attributes of soy cheese 
in the outline below are listed the free fatty acids for which the 
analytical data gave significant correlations that were (A) common to 
Panels I & II, (B) peculiar to Panel I, and (C) peculiar to Panel II, 
A minus sign (-) preceding the name of the fatty acid indicates that 
the correlation was negative.
Color: A. acetic, caprylic and capric
B. Propionic, valeric, caproic, lauric, myristic and palmitic
C . none
General Appearance: A. acetic, valeric, caproic, caprylic, capric,





C. acetic, valeric, caproic, caprylic, capric, lauric, myristic 
and palmitic
Smoothness: A. none
B. acetic, caproic, caprylic and capric
C. (-)propionic
Firmness: A. none




C. acetic, propionic, caproic, capric and stearic
Beany Flavor: A. none




C. (-)acetic, (-)propionic, (-)caproic and (-)stearic
Mouthfeel: A. none










B. palmitic and (-)propionic
C. none









Among the 165 correlation coefficients associated with ammonia 
and twelve free amino acids present in soy cheese, the values ranged 
from -.734** for rancidity vs isoleucine to +.532** for general appear­
ance vs cystine. The number of significant (p < 0.05 & p < 0.01 levels 
combined) correlations associated with the hedonic scores of Panel I 
amounted to 52; the corresponding number for Panel II was 65; of these, 
28 significant correlations were common to both panels, with 24 being 
peculiar to Panel I and 37 peculiar to Panel II. Based on the count 
of significant correlations associated with each of the fifteen organo­
leptic attributes and arranged in descending order according to the 
total counts, the similarities and differences between the two sensory
panels with respect to ammonia and the twelve free amino acids were
as follows:
 Number of Significant Correlations
A. Common to B. Peculiar C. Peculiar
 Attribute __ Panels I & II to Panel I to Panel II Total
Rancidity 1 10 1 12
Bitterness 8 3 0 11
Cheese Flavor 6 5 0 11
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Number of Significant Correlations
Attribute
A , Common to 




to Panel II Tota]
Acidity 7 3 0 10
Mouthfeel 5 0 3 8
Color 1 2 5 8
Beany Flavor 0 0 8 8
Spreadability 0 0 8 8
General Appearance 0 0 6 6
Smoothness 0 0 2 2
Graininess 0 0 2 2
Saltiness 0 0 2 2
Elasticity 0 1 0 1
Odor 0 0 0 0
Firmness 0 0 0 0
28 24 37 89
In connection with the attributes of odor and firmness, neither ammonia 
nor any of the twelve amino acids were present in soy cheese in amounts 
that correlated significantly with the hedonic scores of either sensory 
panel for these two attributes. In regard to the attribute of rancid­
ity, lysine was the only amino acid for which the analytical data 
did not significantly correlate with the hedonic scores of either sen­
sory panel for this attribute. The significant correlations between 
amino acids, including ammonia, and the three attributes of color, 
general appearance, and saltiness were all positive; all the other 
significant correlations between amino acids, including ammonia, 
and the remaining ten organoleptic attributes were negative.
Under each of the fifteen organoleptic attributes of soy cheese 
in the outline below are listed the free amino acids for which the 
analytical data gave significant correlations that were (A) common to 
Panels I & II, (B) peculiar to Panel I, and (C) peculiar to Panel II.
A plus (+) or minus (-) sign preceding the name of the attribute 
indicates that the significant correlations associated with that par­
ticular attribute are either (+) all positive or (-) all negative.
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(-)Rancidity; A, methionine
B, ammonia, alanine, aspartic acid, cystine, glutamic 
acid, isoleucine, leucine, phenylalanine, serine and 
tyrosine
C. valine
(-) Bitterness: A. ammonia, alanine, aspartic acid, glutamic acid,
isoleucine leucine, methionine and serine
B. cystine, phenylalanine and tyrosine
C . none
(-)Cheese Flavor: A. ammonia, alanine, glutamic acid, isoleucine,
leucine and serine
B. aspartic acid, cystine, methionine, phenylalanine 
and tyrosine
C . none
(-)Acidity: A. ammonia, alanine, aspartic acid, isoleucine, leucine, 
methionine and serine
B. cystine, glutamic acid and valine
C . none
(-)Mouthfeel: A. ammonia, alanine, isoleucine, leucine and serine
B . none
C. aspartic acid, cystine and glutamic acid
(+)Color: A. cystine
B. phenylalanine and tyrosine
C. ammonia, aspartic acid, glutamic acid, isoleucine and 
serine
(-)Beany Flavor: A. none
B . none
C. ammonia, alanine, aspartic acid, isoleucine, 
leucine methionine, serine and valine
(-)Spreadability: A. none
B . none
C. ammonia, aspartic acid, cystine, glutamic acid, 
leucine, lysine, phenylalanine and tyrosine
(+)General Appearance: A. none
B . none




C. aspartic acid and tyrosine
(-)Graininess: A. none
B . none








Odor & Firmness: A. none
B . none
C , none
The data in Appendix Table XXIXa together with the various tallies 
outlined above show that the total number of statistically significant 
correlations between the hedonic scores for the fifteen organoleptic 
attributes and the analytical data for the thirty-two chemical param­
eters amounted to 214. Of this number, 65 were common to both panels 
with 73 being peculiar to Panel I and 76 to Panel II. Based on the 
overall counts and distribution between the two panels of the signif­
icant correlations between chemical parameters and hedonic scores, 
the differences between the two panels outnumber the similarities 
between them. The number of significant correlations associated with 
each of the fifteen organoleptic attributes arranged in descending 
order according to the total counts for each attribute, the various 
similarities and differences between the two sensory panels with 
respect to the chemical composition parameters (CCP), free fatty acids 
(FFA), and free amino acids (FAA) were as follows:
Number of Significant Correlations
A. Common to B. Peculiar C. Peculiar
Panels I & II to Panel I to Panel II GRANI
Attribute CCP FFA FFA TOT CCP FFA FAA TOT CCP FFA FAA 1TOT TOT A]
Color 6 3 1 10 1 6 2 9 0 0 5 5 24
Gen. App. 6 8 0 14 0 0 0 0 1 0 6 7 21
Bitter. 0 1 8 9 3 1 3 7 2 0 0 2 18
Beany Fl. 4 0 0 4 1 4 0 5 1 0 8 9 18
Rancidity 1 0 1 2 1 1 10 12 1 0 1 2 16
Cheese Fl. 0 1 6 7 2 0 5 7 2 0 0 2 16
Smoothness 1 0 0 1 6 4 0 10 1 1 2 4 15
Number of Significant Correlations
A, Common to 




to Panel II GRAND
Attribute CCP FFA FAA TOT CCP FFA FAA TOT CCP FFA FAA TOT t o t a;
Mouthfeel 0 0 5 5 4 3 0 7 0 0 3 3 15
Spread, 0 0 0 0 0 0 0 0 3 4 8 15 15
Odor 1 0 0 1 0 0 0 0 4 8 0 12 13
Acidity 2 0 7 9 0 1 3 4 0 0 0 0 13
Firmness 0 0 0 0 5 5 0 10 1 0 0 1 11
Saltiness 2 0 0 2 0 0 0 0 1 5 2 8 10
Graininess 0 1 0 1 0 1 0 1 1 0 2 3 5
Elasticity 0 0 0 0 0 0 1 1 1 2 0 3 4
23 14 28 65 23 26 24 73 19 20 37 76 214
No significant correlations between hedonic scores and analytical data 
for the thirty-two chemical parameters occurred that were:
(1) common to both sensory panels for the three attributes of spread- 
ability, firmness and elasticity;
(2) peculiar to Panel I for the four attributes of general appearance, 
spreadability, odor and saltiness; and
(3) peculiar to Panel II for the attribute of acidity.
The above recapitulation of the various tallies together with the 
data in Appendix Table XXIXa show that of the 214 significant correla­
tions, 108. or 50.5% of the total, were negative. Ammonia and the 
twelve free amino acids accounted for 73, or 67.6% of the 108 negative 
correlations. The remaining 35 significant negative correlations were 
associated with nine different chemical parameters distributed among 





Nine Different Chemical Parameters
(6) water soluble protein, titratable acidity, acetic, 
propionic, caproic and stearic acids;
(4) water soluble protein, propionic acid, moisture and 
pH (pH negative for Panel I but positive for Panel II)
(3) water soluble protein, titratable acidity and butyric 
acid;
Bitterness (3) water soluble protein, propionic and butyric acids;
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Attribute Nine Different Chemical Parameters
Acidity (2) water soluble protein and butyric acid;
Elasticity (2) Water soluble protein and propionic acid:
Cheese Fl. (2) water soluble protein and butyric acid;
Beany Fl. (2) water soluble protein and moisture;
Firmness (2) water soluble protein and moisture;
Mouthfeel (2) butyric acid and moisture ?
Gen. App. (2) moisture and pH;
Color (2) moisture and pH;
Graininess (1) water soluble protein 9
Odor (1) moisture;
Saltiness (1) pH
Since the hedonic scores had a lower value when the sensory panels 
found the cheese less to their liking, a negative correlation between 
the hedonic scores for a specific organoleptic attribute and the analy­
tical values for a given chemical parameter indicated that increasing 
amounts of the chemical parameter in the cheese had an adverse effect 
on the acceptability of the cheese; conversely, positive correlations 
between hedonic scores of the attributes and analytical values of the 
parameters indicated that as the amount of the parameter in the cheese 
increased, so did the acceptability of the cheese. Of the thirty-two 
parameters of soy cheese evaluated in this study, ten substances, fat, 
total protein, total solids, sodium chloride, valeric, caprylic, capric, 
lauric, myristic and palmitic acids were always associated with signifi­
cant positive correlations; six substances, moisture, butyric acid, 
alanine, leucine, methionine and valine were always associated with 
significant negative correlations; and the remaining sixteen parameters
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were associated with a total of 114 significant correlations of which 
40 were positive and 74 were negative, with both positive and negative 
correlations being associated with each of the sixteen parameters.
Below are listed under each of the thirty-two chemical parameters 
of soy cheese the organoleptic attributes for which the hedonic scores 
yielded significant correlations that were: A, common to sensory Panels 
I & II; B, peculiar to Panel I; and C, peculiar to Panel II. A plus 
sign (+) or minus sign (-) preceding the name of the chemical parameter 
indicates that the significant correlations associated with that par­
ticular parameter are either (+) all positive or (-) all negative; 
the notation (m) indicates that the named parameter gave correlations 
that were sometimes negative and sometimes positive, depending upon 
the particular attribute; a plus or minus sign preceding the name of 
the attribute indicates whether the specific correlation was positive 
or negative.
The sixteen chemical parameter associated with both positive and 
negative significant correlations were:
(m)Aspartic acid (12 total: 9 negative and 3 positive)
A. (-)acidity and (-)bitterness
B. (-)cheese flavor and (-)rancidity
C. (-)beany flavor, (-)smoothness, (-)graininess, (-)mouthfeel,
(-)spreadability; (+)general appearance, (+)color and
(+)saltiness
(m)Water soluble protein (11 total: 10 negative and 1 positive)
A. (-)rancidity, (-)acidity and (+)saltiness
B. (-) cheese flavor and (-)bittemess
C. (-)smoothness, (-)firmness, (-)elasticity, (-)graininess, 
(-)beany flavor and (-)spreadability
(m)Ammonia (8 total: 7 negative and 1 positive)
A. (-)cheese flavor, (-)mouthfeel, (-)acidity, and (bitterness)
B. (-)rancidity
C. (-)beany flavor, (-)spreadability and (+)color
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(m)Serine (8 total: 7 negative and 1 positive)
A. (-)cheese flavor, (-)mouthfeel, (-)acidity and (-)bitterness
B. (-)rancidity
C. (-)beany flavor, (-)graininess and (+)color
(m)Glutamic acid (8 total: 6 negative and 2 positive)
A. (-)cheese flavor and (-)bitterness
B. (-)rancidity and (-)acidity
C. (-)mouthfeel, (-)spreadability, (+)general appearance and 
(+)color
(m)Cystine (8 total: 6 negative and 2 positive)
A. (+)color
B. (-)cheese flavor, (-)rancidity, (-)acidity and (-)bitterness
C. (-)mouthfeel, (-)spreadability and (+)general appearance
(m)Isoleucine (7 total: 6 negative and 1 positive)
A. (-)cheese flavor, (-)mouthfeel, (-)acidity and (-)bitterness
B. (-)rancidity
C. (-)beany flavor and (+)color
(m)Tyrosine (7 total: 5 negative and 2 positive)
A. none
B. (-)cheese flavor, (-)rancidity, (-)bitterness and (+)color
C. (-)smoothness, (-)spreadability and (+)general appearnace
(m)Acetic acid (7 total: 1 negative and 6 positive)
A. (+)general appearance and (+)color
B. (+)smoothness and (+)graininess
C. (+)odor, (+)saltiness and (-)spreadability
(m)Caproic acid (7 total: 1 negative and 6 positive)
A. (+)general appearance
B. (+)color, (+)smoothness and (+)firmness
C. (+)odor, (+)saltiness and (-)spreadability
(m)pH_ (A unique situation exists with respect to the attribute of 
smoothness for which the correlation coefficient associated 
with Panel I was negative (-.361*) whereas that for Panel II 
was positive (+.494**). Associated with a total of 7 attri­
butes are 5 negative and 3 positive significant correlations.)
A. (-)saltiness
B. (-)smoothness, (-)bitterness, (~)color and (+)cheese flavor
C. (+)smoothness, (+)spreadability and (-)general appearance
(m)Titratable acidity (6 total: 3 negative and 3 positive)
A. (+)general appearance and (+)color
B. (+)smoothness, (-)rancidity and (-)bitterness
C. (-)spreadability
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(m)Propionic acid (6 total: 4 negative and 2 positive)
A. none
B. (+)color and (-)bitterness
C. (+)saltiness, (-)smoothness, (-)elasticity and (-)spreadability
(m)Phenylalanine (6 total: 4 negative and 2 positive)
A. none
B. (+)color, C- ) cheese flavor, (-)rancidity and (-)bitterness
C. (+)general appearance and (-)spreadability
(m)Lysine (3 total: 1 negative and 2 positive)
A. none
B . none
C. (-f) general appearance, ( + ) saltiness and (-) spreadability
(m)Stearic acid (2 total: 1 negative and 1 positive)
A. none
B. none
C. (+)saltiness and (-)spreadability
The six chemical parameters associated only with negative signi­
ficant correlations were:
(-)Moisture (7)
A. general appearance, color and beany flavor
B. smoothness, firmness and mouthfeel
C. odor
(-)Leucine (7)
A. cheese flavor, acidity, bitterness and mouthfeel
B. rancidity
C. beany flavor and spreadability
(-)Alanine (6)








A. cheese flavor and bitterness




B. acidity and elasticity
C. beany flavor and rancidity
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The ten chemical parameters associated only with positive signi­
ficant correlations were:
(+)Fat (11)
A. general appearance, color, beany flavor and acidity
B. smoothness, firmness and mouthfeel
C. cheese flavor, odor, rancidity and bitterness
(+)Total protein (10)
A. general appearance, color, odor and beany flavor
B. smoothness, firmness and mouthfeel
C. cheese flavor, bitterness and saltiness
(+)Capric acid (9)
A. general appearance, color and graininess
B. smoothness, firmness, mouthfeel and beany flavor
C. odor and saltiness
(+)Total solids (7)
A. general appearance, color and beany flavor
B. smoothness, firmness and mouthfeel
C. odor
(+)Caprylic acid (7)
A. general appearance and color
B. smoothness, firmness, mouthfeel and beany flavor
C. odor
(+)Sodium chloride (6)
A. general appearance and color








B. color and beany flavor
C. odor and elasticity
(+)Myristic acid (4)
A. general appearance








This investigation was undertaken to study the feasibility of pre­
paring cheeselike products, acceptable in terms of palatability and 
shelf life for Iranian and American markets, by incorporating large 
amounts of soybean curd into a white pickled cheese prepared from cow's 
milk which would be essentially free of the bean-like flavor normally 
associated with soybean products. Soybeans of the Lee 74 variety were 
obtained from Dezauche Seed Company, Opelousas, Louisiana. A bland 
flavored, organoleptically acceptable soymilk was prepared by extracting 
unsoaked soybeans with boiling water under controlled conditions. Lactic 
acid was used to precipitate the protein in soymilk in the form of a firm 
curd. Whole raw milk, obtained from the LSU Department of Dairy Science, 
was inoculated with 1% commercial lactic acid starter followed by treat­
ment with rennet extract and incubation at 37°C to yield a cow's milk 
curd having a firm texture and satisfactory flavor. The two curds were 
mixed to yield three cheeselike products, Cheese I, Cheese II and Cheese 
III, in which the proportions of soy curd to cow's curd were 1:3, 1:2 and 
1:1, respectively. During the mixing process diacetyl and sodium chloride 
were added as flavoring agents; sodium chloride also served to prevent 
growth of unwanted microorganisms in the cheese. After the moisture con­
tent of the blended curds had been brought to 50-60% by manual pressure, 
each of the three products was cut into 4" x 3" x 1" rectangular blocks 
which were individually dipped into a solution of 1% sorbic acid solution 
to prevent mold growth on the surface of the cheese during storage. Each 
block of cheese was separately vacuum-packed in shrinkpack plastic bags
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for storage. The packaged blocks of each of the three kinds of cheese
were divided into two lots. One lot of the Cheese I, II and III blocks
was stored at 4.4°C for six weeks; the other lot was stored at 29.4°C 
for three weeks. The effects of four variables, namely,
(a) three levels of soy curd in the cheeselike products,
(b) two levels of temperature at which the products were stored,
(c) seven periods of elapsed time, 0, 1, 2, 3, 4, 5, and 6  weeks 
during which the products were stored at 4.4°C and four periods of 
elapsed time, 0, 1, 2, and 3 weeks during which the products were 
stored at 29.4°C, and
(d) two sensory panels of five judges each, with Panel I being composed 
of five native Iranian LSU students who were familiar with the 
traditional characteristics of Iranian white pickled cheese and 
Panel II being composed of five native American LSU students who 
were majoring in Food Science,
on the hedonic scores for product acceptability associated with fifteen 
organoleptic attributes, general appearance, color, odor, smoothness, 
firmness, elasticity, graininess, mouthfeel, cheese flavor, beany flavor, 
rancidity, acidity, bitterness, saltiness and spreadability gave organo­
leptic profiles in relation to the laboratory analytical values for 
thirty-two chemical parameters, namely, moisture, fat, titratable acidity, 
pH, sodium chloride, total protein, water soluble protein, dry matter; 
eleven free fatty acids, acetic, propionic, butyric, valeric, caproic, 
caprylic, capric, lauric, myristic, palmitic and stearic; ammonia and 
thirteen free amino acids, alanine, aspartic acid, cystine, glutamic 
acid, isoleucine, leucine, lysine, methionine, phenylalanine, serine,
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tyrosine and valine. Proline was found to be present in all three 
products in quantities too small to be measured.
A score sheet based on an hedonic scale of five acceptability 
ratings: 1, repulsive; 2, dislike; 3, acceptable; 4, like very much;
and 5, like extremely; was used by the two sensory panels in judging 
the fifteen organoleptic attributes of each of the three cheeselike 
products.
Samples of the fresh products and those removed at weekly inter­
vals during the storage periods were evaluated organoleptically and 
analyzed chemically according to conventional procedures.
The mean hedonic scores associated with each of the fifteen organo­
leptic attributes were evaluated according to two analyses of variance:
(1) a 2 x 3 x 4 x 2  factorial arrangement of treatments with 5 repli­
cates ( A x B x C x D x R ,  where A represents sensory panels; B, 
levels of soy curd in the cheese; C, elapsed time during storage;
D, temperature during storage; and R, judges) for the products 
stored three weeks at 4.4°C and 29.4°C, and
(2) a 2 x 3 x 7 factorial arrangement of treatments with 5 replicates 
(A x B x C x R, where A, B, C, and R represent the same variables 
as indicated in (1 ) above) for the products stored six weeks at 
4.4°C.
The pooled analytical data for Cheese I, II and III were used to 
compute two sets of correlation coefficients, one set based on wet-weight 
data and the other on dry-weight data, pertaining to the thirty-two 
chemical parameters. Each set of correlation coefficients listed the 
values associated with each of the 496 pairs of possible interrelation­
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ships existing among the thirty-two chemical parameters determined for 
soy cheese.
The mean hedonic scores of the two sensory panels and the analy­
tical wet-weight data for the thirty-two chemical parameters were used 
to compute two other sets of correlation coefficients, one set based 
on the scores of Panel I and the other set based on the scores of 
Panel II. Each of these sets listed 480 values representing all 
possible combinations of fifteen organoleptic attributes with thirty- 
two chemical parameters.
The chemical analyses (wet basis) of the three kinds of cheese, 
when freshly prepared, indicated the following effects on the presence 
of the various thirty-three chemical parameters as the proportions of 
soy curd in the cheese increased:
(a) the values of twenty-two parameters decreased, namely, moisture, 
fat, titratable acidity, sodium chloride, total protein, water 
soluble protein, dry matter; the eleven free fatty acids, acetic, 
propionic, butyric, valeric, caproic, caprylic, capric, lauric, 
myristic, palmitic and stearic; ammonia and the three free amino 
acids, cystine, leucine and lysine;
(b) the values of three parameters, methionine, valine and pH increased;
(c) as the proportion of soy curd in the cheese increased from 1;3 to 
1 : 2  the values of three amino acids, glutamic acid, phenylalanine 
and tyrosine increased, to be followed by a decrease as the pro­
portion of soy curd increased to 1 :1 ;
(d) whereas the values for aspartic acid and serine, as the proportion 
of soy curd increased in the cheese from 1:3 to 1:2, decreased to
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be followed by an increase as proportion of soy curd increased to 
1 :1 ; and
(e) three amino acids, alanine, isoleucine and proline were present 
in the three kinds of freshly prepared cheese in quantities too 
small to be measured; that is, these threee substances were not 
affected by increasing proportions of soy curd.
The dry-weight analytical data for Cheese I, II and III (.Appendix 
Tables XXXa, XXXIa, and XXXIIa, respectively) showed that the amounts 
of five chemical parameters, fat, sodium chloride, total protein, total 
solids and protein in each of the three kinds of cheese remained essen­
tially constant during storage of the cheese at 4.4°C for six weeks or 
at 29.4°c for three weeks; the amount of phenylalanine in Cheese III 
also did not change during the storage periods.
Thus, of the total of ninety-nine values (33 chemical parameters 
in each of the three kinds of cheese) under consideration, there were 
sixteen instances (5 chemical parameters x 3 kinds of cheese, plus 
phenylalanine in Cheese III): where the amounts of constituents remained 
the same during the storage periods. The dry-weight analytical data 
pertaining to the other eighty-three values distributed among the three 
kinds of cheese showed that, with five exceptions involving butyric 
acid, capric acid, lysine, phenylalanine and valine, increasing the 
storage temperature of the cheese from 4.4°C for six weeks to 29.4°C 
for three weeks resulted in widely varying increases in the remaining 
seventy-eight values distributed among the twenty-eight affected chemi­
cal parameters.
For purposes of comparison, the mean weekly rates of production,
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or changes, of each of the twenty-eight chemical parameters was compu­
ted by subtracting the initial value of the parameter in freshly pre­
pared cheese from the maximum values attained during the storage period 
and dividing the difference between the initial and maximum values by 
the number of weeks required to attain the maximum value. For example,
where R = mean weekly rate of gain (or loss),
= initial value of parameter in fresh cheese,
Vm = maximum value of parameter attained during
storage of cheese,
and N = number of weeks of storage required to attain 
maximum values,
then R = (Vm - Vi)/N.
With R]_ representing the mean weekly rate of change of values 
associated with the 4.4°C storage temperature and R2  representing the 
mean weekly rate of change of values associated with 29.4°C, the ratio, 
R2 /R 1 , indicates the extent to which the parameter was influenced by 
the 25°C increase in storage temperature of the cheese.
Below are listed the values of R^, R2 , and the ratio, R^/R^, for 
each of the twenty-eight affected parameters in Cheese I, II and III.
Parameter Cheese R1 R2 R2/R.1
Chemical Composition: Moisture I 0.0960 0.5767 6 . 0 1
(loss) II 0.0933 0.6833 7.32
III 0.1133 0.8833 7.80
pH I 0.0830 0.2350 2.83
II 0.0575 0.1367 2.38
III 0.0900 0.1350 1.50
Titratable Acidity I 0.0880 0.5850 6.65
II 0.1330 0.3850 2.89
III 0 . 1 0 0 0 0.5050 5.05
Water Soluble Protein I 1.323 4.577 3.46
II 1.217 4.093 3.36
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Free Fatty Acids:
Parameter Cheese R 1 R 2 r2 / r 1
..e Protein III 1.382 4.287 3.10
Acetic I 2.25 19.67 8.74
II 9.67 22.50 2.33
III -1.67 10.50 Direction
Reversed
Propionic I 2.75 8.33 3.03
II 2 . 0 0 4.33 2.16
III 0.25 5.50 2 2 . 0 0
Butyric 0 . 0 0 10.50 Math. Undef.*
II 0 . 0 0 10.50 fl ft
III 2.67 9.50 3.56
Valeric I -0.25 15.50 Direction Rev.
II 7.50 9.00 0.83
III - 1 . 0 0 4.50 Direction Rev.
Caproic I 27.80 82.00 2.95
II 42.33 60.00 1.42
III 30.00 51.00 1.70
Caprylic I 0.50 130.00 260.00
II 13.67 65.00 4.75
III 2 0 . 0 0 28.00 1.40
Capric I 11.50 37.00 3.22
II 69.00 12.67 0.18
III 44.00 59.00 1.34
Lauric I 1.17 73.00 62.39
II 6.75 31.50 4.67
III 17.67 36.50 2.07
Myristic I 12.17 259.50 21.32
II 30.75 96.00 3.12
III 37.00 67.00 1.81
Palmitic I -53.00 646.50 Direction Rev.
II 36.75 413.00 11.24
III 99.00 177.00 1.79
Stearic I 19.60 363.50 18.50
II 41.75 286.00 6.85




































































































































































The 25°c increase in storage temperature affected the above 
twenty-eight chemical parameters in the three kinds of cheese in vari­
ous ways over an enormous spectrum of differences in mean weekly rates 
of production that ranged from the complete inhibition of lysine forma­
tion in Cheese III to a 260-fold acceleration of caprylic acid produc­
tion in Cheese I. Listed below are the above ratios of mean weekly 
rates of production arranged in ascending order of magnitude:
Lower Third__________  Middle Third____   Upper Third






meter Cheese V RiRatio
Para­
meter Cheese
<0 . 1 0 Lys III 3.36 WS Pr. II 13.36 Glu II
0.18 c 1 0 II 3.38 Lys II 13.54 Ser I
0.61 Val II 3.46 WS Pr. I 18.55 Cl8 I
0.81 C5 II 3.56 C4 III 20.23 Leu III
1.34 CIO III 3.85 Asp I 21.32 c14 I
1.36 Met II 4.26 Met III 2 2 . 0 0 c3 III
1.40 C 8 III 4.67 c 1 2 II 22.42 Leu I
1.42 Glu III 4.75 C8 II 27.95 Val I
1.42 C6 II 4.89 Asp III 28.75 Leu II
1.50 pH III 5.05 Titr. Ac. III 62.39 c 1 2 I1.64 c18 III 6 . 0 1 Moist. I 81.67 Phe II
1.70 c6 III 6.39 Tyr II 135.00 Phe I1.72 nh 3 II 6.64 Glu I 260.00 c8 I
1.79 c16 III 6.65 Titr. Ac. I
R2 ONLY 
16.00 lieu III
1.81 Ci 4 III 6.85 c 1 8 II 17.50 Ala II2.07 c 1 2 III 7.00 nh3 III 2 0 . 0 0 Ala I2.08 Val III 7.04 Cys I 21.67 lieu II
2.16 c3 II 7.32 Moist. II 24.50 lieu I
2.33 c2 II 7.80 Moist. III 28.67 Met I
2. 38 pH II 8 . 1 2 Cys II 32.00 Ala III
2.83 PH I 8.69 Lys I 33.00 Tyr III
2. 89 Titr. Ac. II 8.74 c2 I 10.50z C4 I
2.95 C& I 9.43 Tyr I 10.50z c4 II
3.03 Asp II 9.79 Ser II 4. 50n c5 III
3.03 c3 I 9.90 Ser III 10.50n c 2 III





zeron xndi cates Rp is negative
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Of the fifty-five entries of chemical parameters in the middle 
and lower groups of the above rank-ordered list, forty-two, or 76%, of 
the entries were associated with either Cheese II or Cheese III which 
contained the highest proportions of soy curd in the cheese. This asso­
ciation of higher content of soy curd with lower ratios of response to 
increased storage temperature of the cheese indicated that with increa­
sed proportions of soy curd in the cheese, the more stable was the 
cheese to the accelerating effects of the higher storage temperature, 
particularly as evidenced by the thirty-six entries associated with the 
following twelve chemical parameters: water soluble protein, pH; seven 
fatty acids, caproic, caprylic, capric, lauric, myristic, palmitic and 
stearic; three amino acids, lysine, phenylalanine and valine.
The results of the analyses of variance of the hedonic scores (Ap­
pendix Tables XXVIIa and XXVIIIa) showed the differences between the 
overall mean scores of the two sensory panels were not significant 
(p > 0.05) for any of the fifteen organoleptic attributes of soy cheese. 
All fifteen mean scores for each panel were above 3.00 (acceptable) on 
the hedonic scale. This indicated that both panels of judges found the 
samples of soy cheese, in general, to be acceptable. The overall mean 
scores of Panel I (Iranian) were slightly higher than the corresponding 
scores of Panel II (American) for each of the fifteen organoleptic 
attributes. The mean hedonic scores of Panel I ranged from 3.28 for the 
attributes of firmness and elasticity to 4.12 for smoothness, graininess 
and spreadability. The mean hedonic scores for Panel II ranged from 
3.07 for the attribute of bitterness to 3.91 for spreadability.
Below are listed for each of the fifteen organoleptic attributes
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(a) the overall mean hedonic scores of Panel I and Panel II, Cb) the 
standard deviation of the mean, and (c) the range of the thirty-three 
individual mean scores of the five judges comprising each of the two 
sensory panels:











Gen. Appear. 3.76 0.55 2 . 6 __ 4.6 3.39 0.33 2 . 8 4.0
Color 3.73 0.37 3.2 - 4.6 3.44 0.37 2 . 8 - 4.0
Odor 3.72 0.34 3.2 - 4.4 3.12 0.36 2.4 - 3.8
Smoothness 4.12 0.38 3.2 — 4.6 3.50 0.33 2 . 8 _ 4.2
Firmness 3.28 0.37 2 . 6 - 4.0 3.24 0.33 2 . 6 - 3.8
Elasticity 3.28 0.35 2.4 - 3.8 3.11 0.26 2 . 8 - 3.6
Graininess 4.12 0.32 3.4 - 4.6 3.34 0.32 2 . 8 — 4.0
Mouthfeel 3.54 0.48 2.4 - 4.4 3.39 0.40 2.4 - 4.2
Cheese Flavor 3.45 0.61 2.4 - 4.4 3.08 0.49 2 . 0 - 4.0
Beany Flavor 3.84 0.45 3.2 — 4.8 3.51 0.52 2 . 6 — 4.4
Rancidity 3.48 0.56 2 . 2 - 4.2 3.39 0.44 2 . 2 - 4.2
Acidity 3.44 0.55 2 . 2 - 4.2 3.29 0.39 2.4 — 3.8
Bitterness 3.44 0.53 2 . 2 — 4.4 3.07 0.45 2 . 2 - 4.2
Saltiness 3.33 0.38 3.0 - 4.2 3.11 0.16 2 . 8 - 3.4
Spreadability 4.12 0 . 2 0 4.0 - 4.8 3.91 0.18 3.4 - 4.0
The proportions of soy curd in the three kinds of cheese signifi­
cantly affected the hedonic scores of the two sensory panels with res­
pect to two attributes, general appearance and smoothness, of the sam­
ples of cheese stored at 4.4°C for six weeks, and to three attributes, 
odor, smoothness and mouthfeel, of the samples stored at 4.4°C and at 
29.4°C for three weeks, as follows:
(a) The general appearance of Cheese I and Cheese II relative to 
that of Cheese III received significantly higher (p < 0.01) scores from 
Panel I than from Panel II; that is, Panel II reported smaller differen­
ces for general appearance among the three kinds of cheese than did
Panel I.
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(b) There was a significant (p < 0.01) difference between the 
preferences of the two panels with respect to the attribute of smooth­
ness of the three kinds of cheese stored at 4.4°C for six weeks. Panel 
I gave Cheese I the highest score for smoothness and Cheese III the 
lowest score. In contrast, Panel II gave Cheese I the lowest score for 
smoothness and Cheese II the highest score. For the cheese samples 
stored at 4.4°C and at 29.4°C for three weeks the two panels again 
showed the same difference in preferences, but at the 5% probability 
level.
(c) Although the two panels were in agreement that the odor of 
Cheese III was the least desirable, Panel I liked the odor of Cheese I 
the best, whereas Panel II liked the odor of Cheese II the best. This 
difference in odor preferences was significnat (p < 0.05).
(d) For the three kinds of cheese stored at 4.4° and 29.4°C, the 
differences between the scores of the two sensory panels for mouthfeel 
followed the same significant (p < 0.05) patterns reported for the 
attribute of smoothness. Panel I gave the highest score to Cheese I and 
the lowest score to Cheese III, whereas Panel II gave the lowest score 
to Cheese I and the highest score to Cheese II.
The temperature at which the cheese samples were stored significant­
ly (p < 0.05) affected the differences between the hedonic scores of the 
two sensory panels for only two of the organoleptic attributes, beany fla­
vor and rancidity. With respect to beany flavor, Panel I Liked best the 
cheese samples that had been stored at 29.4°C, whereas Panel II preferred 
the samples that had been stored at 4.4°C. Regarding the attribute of 
rancidity, both panels preferred the cheese samples that had been stored 
at 4.4°C, but the mean score of Panel I for the cheese stored at 29.4°C
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was much lower than the corresponding score of Panel II, which indicated 
that Panel I found greater difference in rancidity associated with the 
two storage temperatures than did Panel II.
Statistically, the bivariate interaction, A x C (sensory panels x 
elapsed storage time), for mean hedonic scores associated with the 
cheese samples stored six weeks at 4.4° was significant (p < 0.05) for 
the two attributes of firmness and rancidity and highly significant 
(p < 0 .0 1 ) for the four attributes of smoothness, cheese flavor, salti­
ness and spreadability. For the samples of cheese stored three weeks 
at 4.4°C and at 29.4°, the A x C interaction was significant with res­
pect to the three attributes of general appearance, odor and graininess, 
and highly significant with respect to the seven attributes of smooth­
ness, firmness, mouthfeel, cheese flavor, beany flavor, rancidity and 
spreadability. For each of the eleven attributes named above, this 
indicates that with respect to the mean hedonic scores for the attribute, 
the relationship between sensory panels x elapsed time during storage 
was not consistent for all samples of soy cheese; that is, the length 
of storage time affected the hedonic scores of the two sensory panels 
differently.
Below are listed the maximum and minimum mean hedonic scores of the 
two sensory panels for each of the eleven organoleptic attributes toge­
ther with the specific week of storage during which the scores occurred, 
and the conditions under which the cheese samples were stored:
168
Maximum Minimum
Stor. Panel I Panel II Panel I Panel II
Cond. Attribute Score Wk. Score Wk. Score Wk. Score Wk. P
6  Wk.) Smoothness 4.60 3 3.80 0 3.60 6 3.27 4 **
at ) Firmness 3,67 1 3.53 0 3.00 0 2.93 3 *
4.4°C) Cheese Fla. 4.27 0 3.73 5 3.13 2 2.93 3 **
Rancidity 4.07 1 3.93 0 3.33 6 3.07 5 *
Saltiness 4.00 4 3.27 3 3.00 0 3.00 0 **
Spreadabil. 4.73 4 4.00 0 4.00 0 3.73 3 **
3 Wk.) Gen. App. 4.00 0 ’ 3.60 2 3.67 2 3.20 0 *
at ) Odor 4.10 3 3.17 2 3.50 2 3.03 1 *
4.4 &) Smoothness 4.53 3 3.80 0 3.87 0 3.30 3 **
29.4°) Firmness 3.43 1 3.53 0 3.00 0 3.03 3 **
Graininess 4.43 3 3.67 0 3.97 2 3.10 3 *
Mouthfeel 3.73 1 3.53 0 3.00 2 3.07 1 **
Cheese Fla. 4.26 0 3.07 0 2.80 2 2.73 3 **
Beany Fla. 4.23 1 4.07 0 3.40 2 2.93 3 * *
Rancidity 3.70 1 3.93 0 2.90 2 3.17 1 **
Spreadabil. 4.27 3 4.00 0 4.00 0 3.67 3 Art
**p < 0 . 0 1
*p < 0.05
The above list shows that the specific weeks associated with the 
maximum scores of Panel II were, with the exception of those for the two 
attributes of cheese flavor and general appearance, always earlier than 
the specific weeks associated with the maximum scores of Panel I. In 
twelve of the above sixteen instances the maximum scores of Panel II were 
associated with fresh cheese (week 0). In contrast, in only three instan­
ces were the maximum scores of Panel I associated with fresh cheese.
For the samples of cheese stored three weeks at 4.4° and 29.4°C, the 
maximum and minimum mean hedonic scores of the two sensory panels showed 
the following eleven very sharp contrasts between the preferences of the 
two panels with respect to the length of time the samples had been
stored:
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A. Fresh cheese (week 0):
(1) General Appearance, Panel I liked best but Panel II liked 
least;
(2) Smoothness, (3) Firmness and (4) Spreadability, Panel II liked 
best but Panel I liked least;
B. Cheese stored one week;
(5) Mouthfeel and (6 ) Rancidity, Panel I liked best but Panel II 
liked least;
C. Cheese stored two weeks:
(7) General Appearance and (8 ) Odor, Panel II liked best but Panel 
I liked least;
D. Cheese stored three weeks:
(9) Smoothness, (10) Graininess and (11) Spreadability, Panel I 
liked best but Panel II liked least.
Two notable exceptions to the general pattern of preferences of the two
sensory panels concerned the attribute of cheese flavor of the samples:
(1) for the samples of cheese stored three weeks at 4.4° and 29.4°C,
both panels preferred the cheese flavor of the fresh cheese samples
(week 0); and (2) for samples that had been stored six weeks at 4.4°C,
Panel I again preferred the cheese flavor of the fresh samples but Panel
II liked best the cheese flavor of the samples that had been stored for
five weeks.
These comparisons and contrasts of preferences of the sensory panels 
indicate that generally Panel II (American) preferred the organoleptic 
qualities of fresh soy cheese whereas Panel I (Iranian) preferred the 
qualities associated with cheese that had been stored for a few weeks.
Of the 480 correlation coefficients representing all possible combi­
nations of thirty-two chemical parameters with fifteen organoleptic attri­
butes of soy cheese, 214 were statistically significant with 106 being 
positive and 108 being negative. Since the hedonic scores were assigned 
lower values when the judges found samples of cheese that were less to
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their liking, negative correlations between the mean scores for organo­
leptic attributes and analytical values for a given chemical parameter 
indicated that increasing amounts of that particular parameter in the 
cheese had an adverse effect on the acceptability of the cheese; con­
versely, positive correlations between hedonic scores of the attributes 
and analytical values of the parameters indicated that as the amount of 
the parameter in the cheese increased, so did the acceptability of the 
cheese.
Of the thirty-two chemical parameters of soy cheese evaluated in 
this study, ten substances, fat, total protein, total solids, sodium 
chloride, valeric, caprylic, lauric, myristic and palmitic acids were 
always associated positively with the various attributes in those corre­
lations which were statistically significant; that is, increasing amounts 
of these ten substances in the cheese exerted a beneficial effect on the 
acceptability of the cheese. Six chemical parameters, moisture, butyric 
acid, alanine, leucine, methionine and valine were associated only with 
negative correlations that were significant; that is, increasing amounts 
of these six substances in the cheese exerted an adverse effect on the 
acceptability of the cheese. The remaining sixteen chemical parameters 
gave signigicant correlations that were sometimes negative and sometimes 
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Other criticisms not covered above:
Please give a grade from the five point scale as follows:
1 - Repulsive 3 - Acceptable 5 - Like extremely
2 - Dislike 4 - Like very much
TABLE Ila
Chemical Composition During Ripening of Cheese I
(g component/lOOg cheese, wet basis)
_________ Ripening Temperature (°C)____________
29.4° 4.4°
Ripening Period (Weeks)______  _______________ Ripening Period (Weeks)
Parameter 0 1 2 3 0 1 2 3 4 5 6
Moisture 52.88 52.68 51.82 51.15 52.88 52.70 52.50 52.65 52.50 52.40 52.40
Fat 25.28 25.37 25.80 26.13 25.28 25.35 25.46 25.39 25.47 25.64 25.51
Titratable
Acidity 2.05 2.38 2 . 6 6 2.59 2.05 2.09 2.05 2.23 2.24 2.28 2.25
PH 4.52 4.20 4.05 4.07 4.52 4.49 4.48 4.27 4.33 4.31 4.35
Sodium Chloride 2.140 2.152 2.179 2.215 2.140 2.142 2.147 2.146 2.151 2.157 2.155
Total Protein 14.85 14.93 15.15 15.27 14.85 14.92 14.95 14.90 14.97 15.08 15.00
Water Soluble 
Protein 1.15 4.68 6.43 7.88 1.15 2.36 3.89 3.97 4.29 4.63 4.92
Dry Matter 47.12 47.32 48.18 48.85 47.12 47.30 47.50 47.35 47.50 47.60 47.60
TABLE Ilia
Chemical Composition During Ripening of Cheese II
(g component/lOOg cheese, wet basis)
Ripening Temperature (°C)
29.4° 4.4°
Ripening Period (Weeks) Ripening Period (Weeks)
Parameter 0 1 2  3 0  1 2 3 4 5 6
Moisture 55.77 54.40 54.05 53.72 55.77 55,67 55.75 55.72 55.53 55.33 55.21
Fat 22.67 2 2 . 8 6 23.03 23.76 22.67 22.72 2 2 . 6 8 22.69 22.73 22.84 22.82
Titratable
Acidity 1.96 2 . 1 2 2.39 2.35 1.96 2.03 1.97 2.14 2.08 2 . 1 1 2.09
pH 4.58 4.36 4.20 4.17 4.58 4.62 4.60 4.39 4.35 4.38 4.40
Sodium Chloride 2.040 2.069 2.085 2.098 2.040 2.043 2.040 2.044 2.045 2.051 2.063
Total Protein 14.03 14.28 14.62 14.79 14.03 14.11 14.04 14.22 14.35 14.63 14.51
Water Soluble 
Protein 1 . 0 1 3.15 5.67 6.74 1 . 0 1 1.93 3.07 3.63 3.98 4.13 4.29
Dry Matter 44.23 45.60 45.95 46.28 44.23 44.33 44.25 44.28 44.47 44.67 44.79
TABLE IVa
Chemical Composition During Ripening of Cheese III
(g component/lOOg cheese, wet basis)
Ripening Temperature (°C)
29,4° 4.4°
Ripening Period (Weeks) Ripening Period (Weeks)
Parameter 0 1  2 3 0 1 2  3 4 5 6
Moisture 61.15 60.63 59.15 58.50 61.15 61.03 60.80 60.50 60.77 60.60 60.47
Fat 18.46 18.43 18.92 19.26 18.46 18.45 18.55 18.66 18.52 18.38 18.66
Titratable
Acidity 1.74 2.09 2.23 2.19 1.73 1.74 1.80 1.95 1.93 1.95 1.91
PH 4.70 4.51 4.43 4,45 4.70 4.65 4.66 4.43 4.49 4.43 4.46
Sodium Chloride 1.950 1.962 2.035 2.028 1.950 1.952 1.964 1.970 1.965 1.966 1.972
Total Protein 12.56 12.80 13.15 13.24 12.56 12.67 1 2 . 8 6 12.75 12.83 12.96 13.01
Water Soluble 
Protein 0 . 8 6 2.83 5.32 6 . 2 1 0 . 8 6 1.67 2.72 3.35 3.78 4.05 4.15
Dry Matter 38.85 39.37 40.83 41.20 38.85 38.93 39.20 39.50 39.23 39.40 39.53
TABLE Va
Free Fatty Acid Content During Ripening of Cheese I
( mol acid/lOOg cheese, wet basis
_______________ Ripening Temperature (°C)____________
29.4° 4.4°
Fatty Ripening Period (Weeks)_____   Ripening Period (Weeks)
Acid 0 1 2 3 0 1 2 3 4 5 6
Acetic 40.5 34.1 46.7 70.8 40.5 33.6 29.9 42,1 44.6 35.2 37.1
Propionic 8.5 7.1 14.5 2 1 . 0 8.5 7.1 10.4 8 . 0 13.8 11.9 7.6
n-Butyric 10.4 7.1 20.7 19.1 10.4 5.7 4.3 9.5 10.4 7.6 7.6
n-Valeric 15.5 18.0 30.8 23.4 15.5 12.3 8 . 1 1 2 . 8 15.2 12.4 13.3
Caproic 152.7 2 1 0 . 6 268.4 276.7 152.7 134.8 126.3 162.9 219.4 220.4 184.7
Caprylic 100.4 162.3 115.2 122.3 100.4 81.4 62.7 79.1 1 0 2 . 1 97.6 89.5
Capric 170.6 2 1 1 . 0 213.0 229.6 170.6 135.3 119.2 150.6 193.8 189.0 173.3
Laurie 171.0 223.8 245.2 180.6 171.0 148.0 117.3 164.8 173.8 175.6 176.1
Myristic 479.7 634.6 740.5 545.7 479.7 400.6 375.2 472.1 499.2 512.2 519.3
Palmitic 1385.3 1734.3 2039.5 1458.0 1385.3 1365.6 1298.2 1284.1 1279.2 1332.3 894.9
Stearic 756.3 988.0 1123.6 8850.7 756.3 733.1 681.6 744.3 784.7 810.6 806.3 192
TABLE Via
Free Fatty Acid Content During Ripening of Cheese II





Ripening Period (Weeks) Ripening Period (Weeks)
0 1 2 3 0 1 2 3 4 5 6
Acetic 31. 0 28.7 52.8 42.6 31.0 23,9 27.9 43.8 33.8 36.2 30.9
Propionic 5.7 9.6 8.7 1 2 . 0 5.7 4.4 3.1 6 . 2 9.3 8.5 8 . 1
n-Butyric 8 . 0 6 . 8 17.9 8 . 8 8 . 0 5.3 4.4 6 . 2 8 . 0 7.6 7.2
n-Valeric 1 2 . 8 10.9 2 0 . 2 1 2 . 0 1 2 . 8 7,5 1 2 . 8 14.2. 28.9 23.2 19.3
Caproic 132.7 172.8 193.0 182.3 132.7 124.1 128.8 189.1 153.4 163.9 180.5
Caprylic 6 6 . 8 98.5 98.3 86.5 6 6 . 8 65.2 65.0 85.0 76.5 75.5 72.6
Capric 140.7 150.0 154.4 164.8 140.7 175.6 135.4 159.0 145.4 148.8 137.5
Laurie 153.5 17-6.9- 188.4 112,9 153.5 121.5 118.1 126.6 166.3 164.4 153.2
Myristic 430.8 487.9 466.4 354.5 430.8 358.6 363.7 376.8 487.8 486.9 442.5
Palmitic 1243.3 1470.1 1179.1 1045.5 1243.3 1035.5 1006.7 1017.6 1315.4 1303.0 1287.3
Stearic 678.5 829.9 786.7 607.7 678.5 689.8 571.3 592.0 756.4 758.5 732.3 193
TABLE Vila
Free Fatty Acid Content During Ripening of Cheese III
( mol acid/lOOg cheese, wet basis)
Ripening Temperature (°C)
29.4° 4.4°
Fatty Ripening Period (Weeks) Ripening Period (Weeks)
Acid 0  1 2 3 0 1 2 3 4 5 6
Acetic 2 1 . 8 1 2 . 2 31.4 21.4 2 1 . 8 16.8 15.3 2 0 . 1 19.2 2 0 . 1 15.4
Propionic 7.0 5.9 1 1 . 8 6 . 6 7.0 3.6 2.7 5.1 7.5 6.7 5.9
n-Butyric 5.8 6 . 6 13.9 10.7 5.8 6 . 8 6.7 9.1 7.8 5.1 5.9
n-Valeric 1 0 . 1 7.0 14.3 8 . 2 1 0 . 1 5.2 3.1 3.9 8 . 6 8.3 5.5
Caproic 96.3 118.9 69.0 99.7 96.3 1 1 2 . 2 69.8 103.5 85.5 87.9 88.9
Caprylic 47.0 58.7 36.3 48.2 47.0 56.3 46.3 47.4 46.3 35.9 41.5
Capric 8 6 . 2 1 1 0 . 6 6 6 . 1 93.5 8 6 . 2 106.2 8 8 . 2 90.1 92.2 78.0 80.6
Laurie 87.8 97.6 1 2 2 . 1 91.9 87.8 84.3 84.0 1 1 0 . 2 94.5 124.5 131.2
Myristic 260.7 287.8 328.7 213.4 260.7 271.5 266.6 333.0 290.3 344.4 353.0
Palmitic 907.1 989.0 755.8 684.7 907.1 932.0 886.7 1060.2 927.8 1096.1 1157.8
Stearic 471.3 521.7 394.0 393.0 471.3 484.0 521.4 591.0 507.7 614.2 641.6
TABLE Villa
Free Amino Acid and Ammonia Content During Ripening of Cheese I
(mg acid/lOOg cheese, wet basis)
___________________Ripening Temperature (°C)___________
29.4° 4.4°
- Amino Ripening Period (Weeks)_____   Ripening Period (Weeks)
Acid 0 1 2 3 0 1 2 3 4 5 6
Cystine 99.0 367.5 809.9 660.0 99.0 148.0 199.0 188.5 113.5 196.1 184.2
Glutamic acid 37.7 160.4 302.1 308.2 37.7 58.2 73,1 77.2 63.2 75.2 72.8
Leucine 29.2 161.8 371.9 450.9 29.2 35.5 37.5 53.5 47.0 60.0 53.3
Valine 20.3 84.3 58.3 70.3 20.3 27.0 30.9 34.1 24.7 32.8 34.3
Aspartic acid 16.5 58.7 82.9 92.3 16.5 2 1 . 8 29.9 35.5 26.6 30.0 29.5
Serine 15.5 59.2 109.9 79.6 15,5 23.2 27.1 32.7 29.4 32.8 32.8
Lysine 4.2 6 . 2 1 1 . 6 75,7 4.2 4.7 5,7 7.1 5,7 17.6 17.1
Phenylalanine + + 6 6 . 0 79.1 + + + + + 1 . 0 0.5
Tyrosine + 47.8 136.3 130.9 + 10,9 26.5 35.1 35.7 28.1
Methionine + 28.9 18.8 42.0 + + + + + + A.
Alanine + 17.5 2 2 . 2 29.3 + + + + + + +
Isoleucine + + 23.6 16.1 + + + + + + +
Proline + + + + + + + + + + +
Ammonia 41.9 63.9 85.8 132.4 41.9 29.8 27.1 38.8 33.2 41.9 36.2
+ indicates the presence of these amino acids in unmeasurable quantities
TABLE IXa
Free Amino Acid and Ammonia Content During Ripening of Cheese II
(mg acid/lOOg cheese, wet basis)
__________________Ripening Temperature (°C)___________
29.4° 4.4°
Amino Ripening Period (Weeks)______   Ripening Period (Weeks)
Acid 0 1 2 3 0 ] 2 3 4 5 6
Cystine 92.4 243.5 374.5 446.1 92.4 126.3 138.1 143.9 117.0 162.6 132.1
Glutamic acid 46.9 134.1 215.0 276.3 46.9 50.1 51.8 67.3 68.9 63.9 45.2
Leucine 18.6 145.0 249.5 306.8 18.6 21.3 2 2 . 6 24.4 27.6 34.8 26.0
Valine 24.3 57.0 52.4 58.8 24.3 23.5 23.9 33.2 40.5 6 8 . 8 130.3
Aspartic acid 1 1 . 1 34.7 57.4 77.8 1 1 . 1 16.8 27.4 39.0 39.1 33.5 30.0
Serine 15.0 46.5 75.6 100.4 15.0 19.9 2 2 . 1 26.1 26.2 25.0 18.4
Lysine 2 . 2 3.2 6.4 4.2 2 . 2 2 . 2 2 . 2 4.0 2,7 2 . 2 1.3
Phenylalanine 9.3 38.3 55.6 77.8 9.3 8 . 0 + 7.1 9.3 10.7 6.3
Tyrosine 6 . 2 31.0 6 8 . 0 112.9 6 . 2 3.1 + 7.1 10.7 26.4 38.5
Methionine 5.7 2 0 . 1 23.4 27.8 5.7 35.5 + 12.4 22.7 30.8 36.7
Alanine + + 16.1 13.0 + + + + + + +
Isoleucine + + 19.8 30.1 + + + + + + +
Proline + + + + + + + + + + +
Ammonia 24.3 53.4 65.7 113.8 24.3 36.8 57.1 43.4 30.7 27.2 25.1
+ indicates the presence of these amino acids in unmeasurable quantities
TABLE Xa
Free Amino Acid and Ammonia Content During Ripening of Cheese III





Ripening Period (Weeks) Ripening Period (Weeks)
0 1 2 3 0 1 2 3 4 5 6
Cystine 70.3 1 0 0 . 8 140.0 357.2 70.3 83.3 64.3 69.5 54.5 1 2 0 . 2 123.3
Glutamic acid 40.0 93.3 127.0 112.5 40,0 68.5 34.1 29.2 17,7 23.2 22.9
Leucine 10.9 21.7 152.7 341.5 10.9 18,7 16.1 27.3 23.9 37.0 34.8
Valine 24.5 29.1 35.5 59.3 24.5 48.7 36.8 39.1 38.1 52.4 55.7
Aspartic acid 13.2 26.4 31.0 70.5 13.2 29.2 27.0 30.4 20.4 33.9 35.6
Serine 15.9 38.2 50.6 131.0 15.9 26.9 34.1 31.6 24.3 36.6 38.3
Lysine + + + + + 5.1 + 0.4 + 2 . 0 1 . 6
Phenylalanine + + + + + + + + + + +
Tyrosine + 1 2 . 6 26.9 14.4 + + + + + + +
Methionine 6 . 6 1 1 . 0 30.6 26.0 6 . 6 + 16.1 15.8 14.9 2 0 . 1 18.2
Alanine + 11.4 26.1 39.6 + + + + + + +
Isoleucine + 5.5 11.4 19.8 + + + + + + +
Proline + + + + + + + + + + +
Ammonia 18.3 38.6 63.7 111.7 18.3 29,6 31.8 34.4 34.1 41.3 43.9




Matrix of Correlation Coefficients 
For 33 Chemical Parameters of Soy Cheese
** Moisture Fat Titr. Acid
Wet Dry Wet Dry Wet Dry
Chem. Comp.
Moisture 1 . 0 0 -.993** ... -.719**
Fat -.993** 1 . 0 0 0 ... .660**
Titr. Acid -.719** .660** ... 1 . 0 0 0
PH .627** -.570** ... -.920**
NaCl -.967** .959** ... .777**
Tot. Prot. -.992** .983** ... .719**
W. Sol. Prot. -.340 .262 ... .790**
Dry Matter -.999** .992** .718** '
Fatty Acids
Acetic -.808** -.746** .776** .709** .773** p7 4 7 **
Propionic -.559** -.443** .518** .400* .742** ^687**
n-Butyric -.340 -.206 .279 .141 .723** .641**
n-Valeric -.559** -.518** .573** .489** .652** .597**
Caproic -.818** -. 749** .804** .734** .817** .789**
Caprylic -.789** -.754** .791** .756** .700** .673**
Capric -.876** -.817** .879** .823** .726** .691**
Laurie -.793** -.675** .779** .658** .733** .675**
Myristic -.806** -.698** .804** .697** .725** .672**
Palmitic -.680** -.450** .692** .469** .553** .387*
Stearic -.336 -.634** .319 .642** .463** .569**
Amino Acids
Aspartic acid -.339 -.219 .270 .147 .773** .703**
Serine -.166 -.058 .085 -.025 .6 6 8 ** .584**
Glutamic acid -.459** -.407* .391* .335 .824** .802**
Cystine -.509** -.466** .455** .408* .843** .829**
Alanine -.095 -.054 .014 -.027 .619** .582**
Valine -.098 .039 .048 -.094 .344 .253
Methionine .053 .150 -.128 -.231 .371* .344*
Isoleucine -.191 -.158 .107 .072 .644** .625**
Leucine -.350 -.310 .271 .227 .776** .752**
Tyrosine -.530** -.524** .475** .466** .852** .854**
Phenylalanine -.401* -.400* .335 .333 .661** .655**
Lysine -.435 -.453** .441* .441* .550** .547**
Ammonia -.299 -.174 .223 .094 .701** .627**
*Significant at p < 0.05
**Significant at p < 0.01
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TABLE XIa (continued)
PH NaCl Tot. Prot.





































































































































































































Ammonia -.651** -.580** .393* .276 .284 .161
*Significant at p <0.05
**Significant at p <0.01
200
TABLE XIa (continues)
W. Sol. Protein Dry Matter Kjel. Tot. Nit.














































































































































































Ammonia .773** .756** .299 .174 .290
*Significant at p 
**Significant at. p
v 0.05 
< 0 . 0 1
201
TABLE XXa (continues)
W. Sol. Ky. Nit. Aspartic Acid Serine
Wet Dry Wet Dry Wet Dry
Chem. Comp.
Moisture -.335 • • • -.339 -.219 -.166 -.058
Fat .258 • • • .270 .147 .085 -.025
Titr. Acid .788** . . , .773** .703** .6 6 8 ** .584**
pH -.843** -.816** -.758** -.639** -.560**
NaCl .428* • O « .417* .304 .263 .159
Tot. Prot. .367* • 0 • .351* .236 .161 .054
W. Sol. Prot. _ ggg** 0 0 • .876** .869** .780** .747**
Dry Matter .334 ------ .338 .218 .167 .059
Fatty Acids
Acetic .495** .537** .437* .311 .213
Propionic .638** .595** .508** .450** .373*
n-Butyric .582** .649** .592** .638** .589**
n-Valeric .398* .449** .344* .250 .150
Caproic .509** ,580** .490** .346* .244
Caprylic .312 .451** .346* .245 .148
Capric .319 .422* .303 .208 .091
Laurie .341 .370* .253 . 2 1 2 .105
Myristic .342 .378* .253 .174 .049
Palmitic .171 .329 .176 .128 -.016
Stearic .438* .524** .243 .264 .024
Amino Acids
Aspartic acid .875** 1.000 1.000 .985** .891**
Serine .781** .895** .891** 1.000 1.000
Glutamic acid .727** .882** .839** .795** .747**
Cystine .743** .908** .880** .823** .790**
Alanine .677** .759** .749** .8 6 8 ** .864**
Valine .539** .533** .519** .384* .381*
Methionine .555** .558** .636** .470** .534**
Isoleucine .694** .809** .803** .896** .882**
Leucine .785** .922** .904** .918** .904**
Tyrosine .760** .849** .787** .710** .634**
Phenylalanine .594** .761** .702** .641** .561**
Lysine .496** .541** .475** .286 . 2 1 2
Ammonia .773** .894** .884** .881** .887**
*Significant at p < 0.05
**Significant at p < 0.01
202
TABLE XIa (continued)
Glutamic Acid Cystine Alanine





























































































































































































































Ammonia .823** .784** .816** .783** .836** .841**
*Significant at p < 0.05




Wet Dry Wet Dry Wet Dry
Chem. Comp.
Moisture -.098 .039 .053 .150 -.191 -.158
Fat .048 .094 -.128 -.231 .107 -.072
Titr. Acid .344 .253 .371* .344* .644** .625**
pH -.484** -.410* -.408* -.454** -.587** -.560**
NaCl .106 -.030 -.041 -.105 .251 .223
Tot. Prot. .160 .026 -.005 -.095 .188 .155
W. Sol. Prot. .539** .506** .553** .620** .693** .6 8 8 **
Dry Matter .099 -.038 -.052 -.149 .189 .157
Fatty Acids
Acetic .149 .061 .167 .188 .427* .410*
Propionic .227 .151 .279 .385* .505** .489**
n-Butyric .203 .188 .340 .420* .712** .691**
n-Valeric .330 .264 .305 .362* .323 .281
Caproic .329 .252 .150 .135 .344 .305
Caprylic .255 .154 ,086 .045 .173 .138
Capric .151 .030 .085 -.062 .213 .159
Laurie .269 . 2 2 0 .108 .154 .155 .086
Myristic .263 .177 .090 .091 .130 .050
Palmitic .279 .223 .061 .091 .077 -.052
Stearic .240 .240 .380* .076 .267 -.018
Amino Acids
Aspartic .533** .519** .558** .636** .809** .803**
Serine .384* .381* .470** .534** .896** .882**
Glutamic Acid .363* .312 .464** .473** .849** .850**
Cystine .412* .362* .430* .438* .786** .782**
Alanine .323 .303 .531** .565** .784** .791**
Valine 1.000 1.000 .685** .773** .271 .265
Methionine .685 .773** 1.000 1.000 .443** .477**
Isoleucine .271 .265 .443** .477** 1.000 1.000
Leucine .400* .367* .528** .557** .882** .884**
Tyrosine .458** .394* .464** .470** .779** .759**
Phenylalanine .333 .292 .474** .436* .786** .747**
Lysine .190 .117 .251 .214 .277 .245
Ammonia .336 .308 .508** .546** .838** .843**
*Significant at p < 0.05
**Significant at p < 0.01
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TABLE XIa (contimued)
Leucine _______Tyrosine  Phenylalanine
















W. Sol. Prot. 
Dry Matter
















































































-.530** -.524** -.401* -.400*
.475** .466** .335 .333
.852** .854** .661** .655**
-.847** -.847** -.684** -.679**
.582** .574** .391* .384*
.535** .530** .401* .401*
.762** .768** .595** .588**



























































































1 . 0 0 0
.528**
.748** .678** .719** .647**
*Significant at p <0.05
**Significant at p <0.01
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TABLE XIa (continued)
Lysine Ammonia____   Acetic
































































































1 . 0 0 0
Ammonia .552** .473**
.299 -.174 -.808** -.746**
.223 .094 .776** .709**
.701** .627** .773** .747**
.651** -.580** -.726** -.706**
.393* .276 .811** .750**
.284 .161 .802** .742**
.773** .756** .499** .497**
.299 .174 .806** .744**
505** .401* 1 . 0 0 0 1 . 0 0 0
580** .490** .754** .680**
628** .581** .656** .595**
284 .173 .711** .669**
438* .317 .835** .760**
353* .241 .696** .616**
363* .230 .782** .685**
229 .090 .6 8 8 ** .568**
2 1 2 .063 .690** .564**
141 -.048 .521** .275

















































1 . 0 0 0 1 . 0 0 0 .505** .401*
*Significant at p <0.05






































































































.340 -.206 -.599** -.518**
.279 .141 .573** .489**
.723** ,641** .652** .597**
.657** -.582** -.635** -.582**
.442** .318 .566** .481**
.324 .187 .630** .553**
.583** .550** .400* .376*
.337 .204 .598** .516**
.656**
.680**


























































































.628** .581** .284 .173
*Significant at p < 0.05




Wet Dry Wet Dry Wet Dry
Chem. Comp,
Moisture -.818** -.749** -.789** -.754** -.876** -.817**
Fat .804** .734** .791** .756** .879** .823**
Titr. Acid .817** .789** .700** .673** .726** .691**
PH -.794** -.782** -.675** - .637** -.640** -.609**
NaCl .807 .7 33** .786** .744** .842** .773**
Tot. Prot. .821** .755** .775** .743** .869** .811**
W. Sol. Prot. .516** .506** .316 .287 .324 .293
Dry Matter .819** .749** .791** .756** .875** .816**
Fatty Acids
Acetic .835** .760** .696** .616** .782** .685**
Propionic .687** .578** .482** .356* .543** .389*
n-Butyric .540** .415* .394* .254 .407* .262
n-Valeric .704** .636** .571 .514** .625 .538**
Caproic 1.000 1.000 .861** .830** .924** .896**
Caprylic .861** .830** 1.000 1 . 0 0 0 .897** .892**
Capric .924** .896** .897** .892** 1.000 1.000
Laurie .808** .700** .824** .736** .798** .675**
Myristic .843** .758** .838** .766** .838** .741**
Palmitic .714** .548** .763** .610** .708** .520**
Stearic .515** .722** .387* .734** .460** .720**
Amino Acids
Aspartic Acid .580** .490** .451** .346* .422* .303
Serine .346* .244 .245 .148 .208 .091
Glutamic Acid .667** .623** .538** .503** .542** .482**
Cystine .707** .664** .563** .520** .584** .523**
Alanine .240 .182 .190 .153 .139 .075
Valine .329 .252 .255 .154 .151 .030
Methionine .150 .135 .086 .045 .085 -.062
Isoleucine .344 .305 .173 .138 .213 .159
Leucine .537** .479** .412* .362* .408* .337
Tyrosine .769** .759** .574** .554** .624** .596**
Phenylalanine .614** .616** .421* .415* .494** .487**
Lysine .619** .606** .458** .438* .555** .534**
Ammonia .438* .317 .353* .241 .363* .230
*Significant at p < 0.05
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Ammonia .229 .090 . 2 1 2 .063 .141 -.048
*Significant at p < 0.05








Titr. Acid .463** .569**
pH -.447** -.632**
NaCl .422* .606**
Tot. Prot. .318 .650**
W. Sol. Prot. .440* .260


























Ammonia .556** . 0 0 1
*Significant at p < 0.05












Panel Time Cheese Cheese Cheese Cheese Cheese Cheese
No. (Wks.) I II III 1 II III
I 0 4.4 4.0 3.6 4.4 4.0 3.6
1 4.4 4.2 2 . 8 4.0 4.0 3.0
2 4.2 4.2 3.0 4.0 3.8 2 . 8
3 4.6 4.2 3.4 3.8 4.2 3.2
4 4.0 4.0 3.6 — — —
5 4.0 3.8 2 . 6 — — —
6 4.0 3.8 2 . 6 — — —
Overall 4.23 4.03 3.09 4.05 4.0 3.15
II 0 3.4 3.2 3.0 3.4 3.2 3.0
1 3.8 3.4 3.0 3.6 3.4 3.0
2 4.0 3.8 3.2 4.0 3.8 2 . 8
3 3.8 4.0 3.4 3.8 3.6 3.0
4 3.2 3.4 3.0 — — —
5 3.4 3.4 3.2 — — —
6 3.4 3.2 3.2 — — —
Overall 3.57 3.49 3.14 3.70 3.50 2.95
Overall mean scores: Panel I 3.76 0.55
Panel II 3.39 + 0.33
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TABLE Xllla





















I 0 4.0 3.6 3.2 4.0 3.6 3.2
1 4.0 4.0 3.2 3.6 3.8 3.4
2 4.0 3.8 3.4 4.0 3.8 3.2
3 4.6 4.2 4.0 4.2 4.2 3.4
4 4.0 4.0 3.2 — — —
5 3.8 3.8 3.2 — — —
6 3.8 3.8 3.2 — — —
Overall 4.03 3,89 3.34 3.95 3.85 3.30
II 0 3.6 3.2 2 . 8 3.6 3.2 2 . 8
1 3.6 3.6 3.2 3.6 3.4 3.2
2 4.0 4.0 3.6 3.8 3.8 3.6
3 3.8 4.0 3.8 3.4 3.8 3.8
4 3.4 3.4 2 . 8 — — —
5 3.2 3.4 2 . 8 — — —
6 3.2 3.2 2 . 8 — — —
Overall 3.54 3.54 3.11 3.60 3.55 3.35








MEAN SCORES OF TWO SENSORY PANELS FOR
ODOR OF CHEESE
___________  STORAGE TEMPERATURE (°C)_____________
______  4 . 4°C__________ ______________29.4°C_________
Stor.
Panel Time Cheese Cheese Cheese Cheese Cheese Cheese 
No. (Wks.) I II III I II III
0 4.0 3.4 3.4 4.0 3.4 3.4
1 4.4 3.8 3.4 3.2 3.6 3.6
2 3.8 3.6 3.6 3.4 3.4 3.2
3 4.2 4.2 4.0 3.8 4.2 4.2
4 4.0 4.2 3.6 — —
5 3.4 3.8 3.4 — —
6 3.8 4.0 3.4 — —
Overall 3.94 3.86 3.54 3.60 3.65 3.60
0 3.0 3.2 3.0 3.0 3.2 3.0
1 3.2 3.2 2.8 3.2 3.2 2.6
2 3.6 3.6 2.8 3.2 3.4 2.4
3 3.6 3.8 2.6 3.2 3.2 2.4
4 2.6 3.4 2.8 — —
5 3.4 3.6 2.8 — —
6 3.4 3.4 3.0 — —
Overall 3.26 3.46 2.83 3.15 3.25 2.60
Overall mean scores: Panel I 3.72 + 0.34
Panel II 3.12 + 0.36
213
TABLE XVa




















I 0 4.2 4.0 3.4 4.2 4.0 3.4
1 4.6 4.6 4.4 4.2 4.2 3.8
2 4.2 4.2 4.0 4.2 4.2 3.8
3 4.6 4.6 4.6 4.4 4.6 4.4
4 4.4 4.2 3.6 — — —
5 4.4 4.2 3.6 — — —
6 3.8 3.8 3.2 — — —
Overall 4.31 4.23 3.83 4.25 4.25 3.85
II 0 3.6 4.2 3.6 3.6 4.2 3.6
1 3.4 4.2 3.4 3.8 3.6 3.2
2 3.2 4.0 3.6 3.4 3.2 3.4
3 2.8 3.6 3.6 3.2 3.0 3.6
4 3.2 3.2 3.4 — — —
5 3.4 3.8 3.4 — — —
6 3.4 3.6 3.2 — — —
Overall 3.29 3.80 3.46 3.50 3,50 3.45
Overall mean scores: Panel I 4,12 +_ 0.38
Panel II 3.50 + 0,33
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TABLE XVIa
MEAN SCORES OF TWO SENSORY PANELS FOR
FIRMNESS OF CHEESE
_______________STORAGE TEMPERATURE (°C)_______________
___________ 4.4°C_____________   29. 4°C____
Stor.
Panel Time Cheese Cheese Cheese Cheese Cheese Cheese 
No. (Wks.) I II III I II III
I 0 3.0 3.4 2.6 3.0 3.4 2.6
1 4.0 3.8 3.2 3.6 3.6 3.1
2 3.4 3.6 3.0 3.4 3.4 2.9
3 3.8 3.6 3.2 3.5 3.4 3.2
4 3.6 3.6 3.2 — — —
5 3.6 4.0 2.6 — —
6 3.4 3.4 2.8 — — —
Overall 3.54 3.63 2.94 3.20 3.30 2.90
II 0 3.4 3.8 3.4 3.4 3.8 3.4
1 3.6 3.8 3.2 3.6 3.7 3.1
2 3.4 3.4 3.0 3.4 3.4 3.0
3 2.6 3.2 3.0 2.7 3.2 3.2
4 3.2 3.0 2.6 — — —
5 3.0 3.4 2.6 — —
6 3.0 3.2 3.0 — — —
Overall 3.17 3,40 2.97 3.30 3.50 3.20
Overall mean scores; Panel I 3.28 + 0 .37
Panel II 3.24 + 0 .33
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TABLE XVIIa





















I 0 3.6 3.6 3.4 3.6 3.6 3.4
1 3.8 3.6 3.2 3.2 3.2 2.8
2 3.4 3.4 3.2 3.4 3.2 3.0
3 3.8 3.6 3.6 3.4 3.4 3.4
4 3.4 3.4 3.2 — — —
5 2.6 2.6 2.4 — — —
6 2.8 3.0 3.0 — — —
Overall 3.34 3.31 3.14 3.40 3.35 3.15
II 0 3.4 3.4 2.8 3.4 3.4 2.8
1 3.4 3.4 3.0 3.6 3.4 3.0
2 3.4 3.2 3.2 3.2 3.0 2.8
3 3.0 3.2 3.6 2.8 2.8 3.0
4 2.8 3.0 3.0 — — —
5 3.0 3.2 3.0 — — —
6 2.8 2.8 2.8 — — —
Overall 3.11 3.17 3.06 3.25 3.15 2.90
Overall mean scores: Panel I 3.28 +0.35
Panel II 3.11 +0.26
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TABLE XVIIIa





















I 0 4.2 4.2 4.0 4.2 4.2 4.0
1 4.4 4.4 4.2 4.2 4.0 3.4
2 4.0 4.0 4.0 4.2 4.0 3.6
3 4.6 4.4 4.4 4.6 4.4 4.2
4 4.6 4.4 4.4 — — —
5 3.8 4.2 3.8 — — —
5 3.4 3.8 3.6 — — —
Overall 4.14 4.20 4.06 4.3 4.15 3.80
II 0 3.8 4.0 3.2 3.8 4.0 3.2
1 3.4 3.8 3.6 3.4 3.6 3.0
2 3.2 3.4 3.0 3.4 3.2 3.0
3 3.0 3.4 3.0 3.2 3.0 3.0
4 3.6 3.6 3.6 — — —
5 3.2 3.4 2.8 — — —
6 3.0 3.4 3.0 — — —
Overall 3.31 3.57 3.17 3.45 3.45 3.05



























I 0 4.0 3.6 3.4 4.0 3.6 3.4
1 4.2 4.2 3.4 3.8 3.8 3.0
2 3.6 3.2 3.4 2.8 2.6 2.4
3 4.0 3.8 3.6 3.6 3.4 3.0
4 3.6 4.4 3.4 — — —
5 3.8 4.2 3.0 — — —
6 3.8 3.8 3.0 — — —
Overall 3.86 3.89 3.31 3.55 3.35 2.95
II 0 3.6 4.0 3.0 3.6 4.0 3.0
1 3.0 3.6 3.4 2.8 3.2 2.4
2 3.2 3.6 3.8 2.8 3.0 3.0
3 3.4 3.6 3.8 3.0 3.4 3.2
4 3.6 3.8 3.6 — — —
5 3.8 4.2 3.2 — — —
6 3.6 3.6 3.2 — — —
Overall 3.46 3.77 3,43 3.05 3.40 2.90
Overall mean scores: Panel I 3.54+0.48
Panel II 3.30 + 0.40
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TABLE XXa
MEAN SCORES OF TWO SENSORY PANELS FOR




Panel Time Cheese Cheese Cheese Cheese Cheese Cheese
No. (Wks.) I II III I II III
I 0 4.4 4.2 4.2 4.4 4.2 4.2
1 4.2 3.6 3.0 3.6 3.6 3.0
2 3.4 3.0 3.0 2.4 2.6 2.4
3 4.0 4.0 3.2 2.8 3.0 2.6
4 3.6 4.0 2.8 — — —
5 3.6 3.4 2.8 — — —
6 3.6 3.8 3.2 — — —
Overall 3.83 3.71 3.17 3.30 3.35 3.05
II 0 3.2 3.4 2.6 3.2 3.4 2.6
1 3.0 3.6 3.4 2.8 2.8 2.0
2 3.4 3.6 2.8 3.0 2.6 2.4
3 3.4 3.0 2.4 2.4 2.6 2.6
4 3.2 3.8 2.8 — — —
5 3.8 4.0 3.4 — — —
6 3.6 3.6 3.4 — — —
Overall 3. 37 3.57 2.97 2.85 2.85 2.40
Overall mean scores: Panel 1 3.45 + 0.61
Panel II 3,08 + 0.49
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TABLE XXIa
MEAN SCORES OF TWO SENSORY PANELS FOR


















I 0 4.4 3.8 3.8 4.4 3.8 3.8
1 4.8 3.8 3.2 4.8 4.6 4.2
2 3.8 3.2 3.2 3.6 3.4 3.2
3 4.0 4.2 3.2 3.8 4.2 3.8
4 3.4 4.2 3.4 — — —
5 3.6 4.2 3.8 — — —
6 3.6 3.8 3.6 — — —
Overall 3.94 3.89 3.46 4.15 4.00 3.75
II 0 4.4 4.2 3.6 4.4 4.2 3.6
1 3.8 4.0 3.4 3.6 3.8 2.6
2 4.0 3.8 3.2 3.6 3.4 3.2
3 3.6 3.4 2.6 2.6 2.8 2.6
c_ 4.0 3.8 3.6 — — —
b 3.6 3.0 3.2 — — —
Overall 3.91 3.60 3.26 3.55 3.55 3.00
Overall mean scores; Panel I 3.84 +_ 0.45
Panel II 3.51 + 0.52
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TABLE XXIIa








Panel Time Cheese Cheese Cheese Cheese Cheese Cheese
No. (Wks,) I II III 1 II III
I 0 3.6 3.6 3.8 3.6 3.6 3.8
1 4.2 4.2 3.8 3.4 3.8 2.8
2 4.0 3.2 3.4 2.2 2.4 2.2
3 4.2 3.8 3.6 3.4 2.8 2.6
4 4.2 4.2 3.4 — — —
5 4.0 3.6 3.6 — — —
6 3.6 3.2 3.2 — — —
Overall 3.97 3.69 3.54 3.15 3.15 2.85
II 0 3.8 4.2 3.8 3.8 4.2 3.8
1 3.2 3.6 3.2 3.4 3.4 2.2
2 3.4 3.4 3.2 3.2 3.2 2.6
3 4.0 3.8 3.6 3.4 3.8 3.2
4 3.6 3.2 3.2 — — —
5 3.4 3.0 2.8 — — —
6 3.4 3.0 2.8 — — —
Overall 3.54 3.46 3.23 3.45 3.65 2.95
Overall mean scores: Panel I 3.48 + 0.56
Panel II 3.39 +0.44
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TABLE XXIIIa























I 0 3.8 3.8 4.0 3.8 3.8 4.0
1 4.2 3.8 3.8 3.4 3.6 2.4
2 3.8 3.4 3.0 2.6 2.6 2.2
3 4.2 3.6 3.6 3.4 3.2 2.6
4 4.2 4.0 3.4 — — —
5 3.8 3.2 2.8 — — —
6 3.4 3,2 2.8 — — —
Overall 3.91 3.57 3.34 3.30 3.30 2.80
II 0 3.8 3.2 3.6 3.8 3.2 3.6
1 3.4 3.6 3.6 3.6 3.4 2.6
2 3.4 3.6 3.2 3.2 3.4 2.4
3 3.8 3.8 3.4 2.6 3.2 2.4
4 3.6 2.8 3.0 — — —
5 3.6 3.2 3.0 — — —
6 3.4 3.2 3.0 — — —
Overall 3.57 3.34 3.26 3.30 3,30 2.75
Overall mean scores: Panel I 3.44 +_ 0.55
Panel II 3.29 + 0.39
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TABLE XXIVa



















I 0 3.6 3.4 3.4 3,6 3.4 3.4
1 4.0 3.8 3.0 2.6 3.2 3.4
2 3.8 3.4 3.6 2.2 2.6 2.4
3 4.2 4.0 4.0 3.0 2.8 2.8
4 3.4 4.4 4.2 — — —
5 3.6 3.6 3.6 — — —
6 3.8 3.6 3.6 — — —
Overall 3.77 3.74 3.63 2.85 3.00 3.00
II 0 3.6 3.2 2.8 3.6 3.2 2.8
1 3.0 3.8 3.2 3.0 2.8 2.4
2 3.0 3.6 2.8 2.8 2.8 2.4
3 3.0 3.0 2.6 2.4 2.8 2.2
4 3.6 3.0 3.0 — — —
5 4.2 3.2 3.2 — — —
6 3.6 3.4 3.4 — — —
Overall 3,43 3.31 3.00 2.95 2.90 2.45
Overall mean scores: Panel I 3.44 + 0.53
Panel II 3.07 + 0.45
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I 0 3.0 3.0 3.0 3.0 3.0 3.0
1 3.0 3.0 3.0 3.0 3.0 3.0
2 3.0 3.0 3.0 3.0 3.0 3.0
3 3.6 3.6 3.6 3.6 3.6 3.6
4 3.8 4.0 4.2 — — —
5 3.8 3.8 3.8 — — —
6 3.6 3.6 3.6 — — —
Overall 3.40 3.43 3.46 3.15 3.15 3.15
II 0 3.0 3.0 3.0 3.0 3.0 3.0
1 3.0 3.0 3.0 3.0 3.0 3.0
2 3.0 3.0 3.0 3.0 3.0 3.0
3 3.2 3.4 3.2 3.4 3.4 3.0
4 3.2 3.4 2.8 — — —
5 3.4 3.2 3.2 — — —
6 3.2 3.2 3.2 — — —
Overall 3.14 3.17 3.06 3.10 3.10 3.00








MEAN SCORES OF TWO SENSORY PANELS FOR
s p r e a d a b i l i t y OF CHEESE
_________________STORAGE TEMPERATURE_(°C)_____________
Q o__________ 4.4 C_______    29.4 C_________
Stor,
Panel Time Cheese Cheese Cheese Cheese Cheese Cheese
No. (Wks,) I IT III I II III
0 4.0 o
I 
• 4.0 4.0 4.0 4.0
1 4.0 4.0 4.0 4.0 4.0 4.0
2 4.0 4.0 4.0 4.0 4.0 4.0
3 4.4 4.2 4.2 4.4 4.2 4.2
4 4.8 4.8 4.6 — — —
5 4.2 4,2 4.0 — — —
6 4.0 4,0 4.0 — — —
Overall 4.2 4.17 4.11 4.10 4.05 4.05
0 4.0 4.0 4.0 4.0 4.0 4.0
1 4.0 4.0 4.0 4.0 4.0 4.0
2 4.0 4.0 4.0 4.0 4.0 4.0
3 3.4 3.8 4.0 3.4 3.6 3.8
4 4.0 4.0 4.0 — — —
5 3.6 3.8 4.0 — — —
6 4.0 4.0 3.6 — — —
Overall 3.86 3.94 3.94 3.85 3.90 3.95
Overall mean scores: Panel I 4,12 + 0.20
Panel II 3.91 + 0.18
TABLE XXVIIa
Analysis of Variance for Three Variables of Fifteen Organoleptic
Attributes of Soy Cheese Ripened at 4.4°C
Mean Squares
Source of Variation General Smooth^ Firm­
d,f. Appearance Color Odor ness ness
R -
Total
Replicate (Judges: error 
term for sensory panel)
209
8 3.336 3.881 3.786 7.905 6.950
A - Sensory Panel 1 7.619 6.519 18.900 19.505 1.905
B - Soy Cheese 2 12.262** 6.433** 4.633** 2.433** 5.776**
C — Ripening Time 6 1.030* 2.186** 0.476 1.143** 0.697
AB - Sensory Panel x Soy Cheese 2 2.576** 0.290 0.529 2.319** 0.719
AC - Sensory Panel x Ripening Time 6 0.519 0.408 0.556 1.260** 1.094*
BC - Soy Cheese x Ripening Time 12 0.256 0.133 0.267 0.300 0.254
ABC - Panel x Cheese x Time 12 0.193 0.046 0.317 0.141 0.141
Error 160 0.413 0.378 0.448 0.332 0.425
TABLE XXVIIa (continued)
Analysis of Variance for Three Variables of Fifteen Organoleptic













R - Replicate (Judges: error
term for sensory panel) 8 9.919 7.071 5.752 3.174 9.233
A - Sensory Panel 1 1.219 32.019 0.933 3.733 1.543
B - Soy Cheese 2 0.433 1.300 3.733** 7.090** 5.948**
C - Ripening Time 6 2.119** 1.841** 0.321 0.694 1.263
AB - Sensory Panel x Soy Cheese 2 0.090 0.319 1.162 0.490 0.300
AC - Senosry Panel x Ripening Time 6 0.808 0.641 0.422 2.411** 0.832
BC - Soy Cheese x Ripening Time 12 0.200 0.139 0.594 0.263 0.459
ABC - Panel x Cheese x Time 12 0.113 0.091 0.301 0.418 0.689
Error 160 0.422 0.616 0.497 0.566 0.786
TABLE XXVIIa (continued)
Analysis of Variance for Three Variables of Fifteen Organoleptic












Replicate (Judges: error 
term for sensory panel)
209
8 4.800 5.664 4.290 1.912 1.738
A - Sensory Panel 1 5.505 2.519 11.433 4.876 3.219
B - Soy Cheese 2 2.414** 3.529** 1.548 0.033 0.019
C - Ripening Time 6 1.638** 1.622** 0.321 2.097** 0.649**
AB - Sensory Panel x Soy Cheese 2 0.176 0.290 0.376 0.119 0.133
AC - Sensory Panel x Ripening Time 6 0.994* 0.619 1.200 0.821** 0.652**
BC - Soy Cheese x Ripening Time 12 0.264 0.284 0.309 0.028 0.047
ABC - Panel x Cheese x Time 12 0.182 0,224 0.760 0.080 0.117
Error 160 0.395 0.409 0.618 0.192 0.191
**p < 0.01
*p < 0.05 227
TABLE XXVIIIa
Analysis of Variance for Four Variables of Fifteen Organoleptic
Attributes of Soy Cheese Ripened at 4.4°C and at 29.4°C
Mean Squares







R - Replicate (Judges: error
term for senfory panel) 8 3.312 4.427 5.396 8.937 10.144
A - Sensory Panel 1 8.816 2.817 22.813 26.004 0.267
B - Soy Cheese 2 16.804** 5.504** 4.017** 1.679* 3.679**
C - Ripening Time 3 0.433 3.250** 1.161* 0.349 0.717
D - Ripening Temperature 1 1.350 0.817 2.400* 1.204 0.817
AB - Panel x Cheese 2 1.004 0.629 1.517* 1.304* 0.529
AC - Panel x Time 3 1.406* 0.739 1.050* 3.415** 1.900**
AD - Panel x Temp. 1 0.067 0.017 0.000 0.038 1.067
BC - Cheese x Time 6 0.488 0.321 0.228 0.640 0.529
BD - Cheese x Temp. 2 0.038 0.054 0.350 0.629 0.129
CD - Time x Temp. 3 0.250 0.183 0.300 0.238 0.250
ABC - Panel x Cheese x Time 6 0.110 0.235 0.617 0.232 0.212
ABD - Panel x Cheese x Temp. 2 0.254 0.072 0.350 0.838 0.079
ACD - Panel x Time x Temp. 3 0.011 0.028 0.278 0.182 0.189
BCD - Cheese x Time x Temp. 6 0.088 0.071 0.150 0.079 0.079
ABCD - Panel x Cheese x Time x Temp. 6 0.149 0.107 0.194 0.099 0.085
Error 184 0.421 0.442 0.368 0.360 0.374
TABLE XXVIIIa (continued)
Analysis of Variance for Four Variables of Fifteen Organoleptic
Attributes of Soy Cheese Ripened at 4.4°C and at 29.4°C
Mean Squares











R - Replicate (Judges: error
term for sensory panel) 8 11.581 7.938 10.917 6.504 15.725
A - Sensory Panel 1 3.267 38.400 2.017 17.067 7.704
B - Soy Cheese 2 1.504* 2.617* 2.512** 5.117** 8.954**
C - Ripening Time 3 0.283 1.028 2.544** 7.161** 5.782**
D - Ripening Temperature 1 2.017* 0.817 9.600** 12.150** 0.204
AB - Panel x Cheese 2 0.004 0.350 2.304* 0.267 0.504
AC - Panel x Time 3 0.644 2.122* 2.050** 4.678** 4.349**
AD - Panel x Temp. 1 0.067 0.067 0.017 0.000 3.504*
BC - Cheese x Time 6 0.521 0.128 0.724 0.061 0.482
BD - Cheese x Temp. 2 0.029 0.467 0.338 0.200 0.629
CD - Time x Temp. 3 0.283 0.428 1.278 1.428 0.271
ABC - Panel x Cheese x Time 6 0.199 0.172 0.371 0.544 0.332
ABD - Panel x Cheese x Temp. 2 0.079 0.117 0.079 0.350 0.129
ACD - Panel x Time x Temp. 3 0.378 0.033 0.072 0.811 0.726
BCD - Cheese x Time x Temp. 6 0.012 0.111 0.049 0.344 0.246
ABCD - Panel x Cheese x Time x Temp. 6 0.040 0.050 0.068 0.428 0.268
Error 184 0.429 0.-753 0.517 0.585 0.782
**p < 0.01
*p < 0.05 229
TABLE XXVIIIa (continued)
Analysis of Variance for Four Variables of Fifteen Organoleptic











R - Replicate (Judges: error
term for sensory panel) 8 6.121 9.823 8.385 0.877 0.631
A - Sensory Panel 1 0.204 0.817 8.067 0.417 1.350
B - Soy Cheese 2 2.929** 3.467** 2.029 0.029 0.029
C - Ripening Time 3 6.015** 4.189** 1.611 2.817** 0.017
D - Ripening Temperature 1 14.504** 16.017** 18.150** 0.000 0.017
AB - Panel x Cheese 2 0.704 0.117 0.929 0.029 0.162
AC - Panel x Time 3 2.338** 1.050 1.367 0.417 1.350**
AD - Panel x Temp. 1 3.504* 0.600 2.017 0.000 0.017
BC - Cheese x Time 6 0.724 0.839 0.307 0.029 0.029
BD - Cheese x Temp. 2 0.529 1.017 0.162 0.012 0.004
CD - Time x Temp. 3 1.793* 1.961** 2.228* 0.000 0.017
ABC - Panel x Cheese x Time 6 0.154 0.433 0.129 0.029 0.162
ABD - Panel x Cheese x Temp. 2 0.204 0.150 0.879 0.012 0.004
ACD - Panel x Time x Temp. 3 0.571 0.478 0.806 0.000 0.017
BCD - Cheese x Time x (Temp. 6 0.235 0.344 0.140 0.012 0.004
ABCD - Panel x Cheese x Time x Temp. 6 0.254 0.178 0.668 0.012 0.004
Error 184 0.549 0.475 0.733 0.160 0.129
**p < 0.01
*p < 0.05 230
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TABLE XXIXa
Correlation Coefficients: Chemical Parameters (wet basis)
vs. Organoleptic Attributes Scored by Two Sensory Panels
Organoleptic Attributes











I Panel II 
(Amer.)
Chem. Comp.
Moisture -.796** -.709** -.789** -.491** -.338 -.573**
Fat .821** .707** .788** .457** .388 .591**
Titr. Acid .344* .544** .541** .441** .123 .219
pH -.246 -.546** -.530** -.331 -.146 -.252
NaCl .6 8 8 ** .652** .723** .463** .297 .421*
Tot. Prot. .773** .707** .787** .473** .358* .605**
W. Sol. Prot. -.081 .338 .262 .302 .114 .049
Dry Matter .796** .708** .789** .490** .337 .573**
Fatty Acids
Acetic .582** .632** .696** .402* .261 .445**
Propionic .199 .266 .367* .075 .068 .031
n-Butyric .026 .219 .224 .242 -.089 -.137
n-Valeric .420* .418* .421* .196 .092 .421*
Caproic .545** .615** .645** .296 .153 .468**
Caprylic .592** .574** .594** .369* . 1 2 0 .353*
Capric .682** .601** .692** .347* .188 .473**
Laurie .493** .515** .500** . 2 2 0 -.033 .398*
Myristic .524** .560** .544** .230 -.023 .449**
Palmitic .447** .572** .479** .191 - . 0 2 0 .387*
Stearic .072 .282 .282 .006 .043 .095
Amino Acids
Aspartic acid -.017 .437* .295 .376* .106 .059
Serine -.140 . 2 0 2 .087 .351* .038 -.206
Glutamic acid .145 .446** .334 .356* -. 04-8 .106
Cystine .174 .532** .351* .359* - . 0 2 2 .160
Alanine -.214 . 0 2 0 -.053 .295 -.073 -.342
Valine -.180 .055 - . 0 0 1 -.037 - . 0 1 0 .116
Methionine -.254 -.046 -.028 .034 -.047 -.078
Isoleucine -.039 .214 .152 .350* .053 -.137
Leucine .017 .310 .218 .327 .013 -.080
Tyrosine .193 .445** .398* .261 -.019 .171
Phenylalanine .188 .445** .372* .243 .018 .204
Lysine .137 .351* .338 .027 .034 .175
Ammonia - . 0 0 1 .289 .234 .385* .111 -.108
*Significant at p< 0.05


















Moisture -.550** •.117 -.588** -.243 -.242 -.213
Fat .536** -.093 .593** .246 .267 .241
Titr. Acid .416* -.337 .303 -.059 -.026 -.082
pH -.361* .494** -.256 .254 .117 .136
NaCl .507** -.,224 .470** . 1 2 2 .204 .138
Tot. Prot. .536** -.135 .612 .209 .176 .184
W. Sol Prot. .225 -.519** .117 -.407* -.289 -.385*
Dry Matter .550** -.116 .588** .246 .241 ,216
Fatty Acids
Acetic .457** -,.248 .335 .024 ,243 -.080
Propionic .169 -.470** .030 - . 2 1 1 -.057 -.348*
n-Butyric .178 -.283 -.056 -.104 .078 -.186
n-Valeric .153 -.091 .319 .092 .030 -.068
Caproic .450** -.192 .426* .081 .047 -.017
Caprylic .486** -.048 .347* .227 .178 .321
Capric .534** .004 .596** .237 .183 .186
Laurie .249 -.043 .363* .185 .005 . 2 2 1
Myristic .272 -.049 .397* .143 . 0 0  8 . 2 2 2
Palmitic .252 -.034 .323 .240 .134 .397*
Stearic .160 -.167 .008 - . 2 1 0 .064 -.174
Amino Acids
Aspartic acid .325 -.411* .036 -.183 -.052 - . 2 1 0
Serine .243 -.325 -.086 -.067 -.048 - . 2 0 0
Glutamic acid .319 -.336 .039 . 0 2 0 .041 -.166
Cystine .295 -.264 .096 .029 .042 -.084
Alanine . 139 -.177 -.185 -.026 - . 0 2 2 -.206
Valine -.043 - . 1 2 2 .026 -.118 -.360* -.196
Methionine .006 .043 -.051 -.058 -.234 -.152
Isoleucine .223 -.335 -.115 -.016 .042 -.295
Leucine .273 -.287 -.050 -.028 .042 -.199
Tyrosine .269 -.357* .097 -.074 -.039 -.252
Phenylalanine .268 -.258 .051 .041 .083 -.161
Lysine . 2 1 1 -.243 .077 -.247 -. 004 - . 2 2 0
Ammonia .326 -.271 -.066 - . 1 1 0 .046 -.195
* Significant at p < 0. Of"




Graininess______  Mouth Feel_____  Cheese Flavor
Panel I Panel II Panel I Panel II Panel I Panel II(Iran) (Amer.) (Iran) (Amer.) (Iran)_____ (Amer.)
Chem. Comp.
Moisture -.316 -.282 -.421* -.082 -.236 -.314
Fat .332 .317 .481* .111 .309 .355*
Titr. Acid .164 -.136 -.103 -.294 -.341 -.139
pH - . 2 1 0 .236 .069 .228 .361* .093
NaCl .279 .154 .316 -.043 .131 .193
Tot. Prot. .302 .262 .441* .123 . 2 2 1 .367*
W. Sol. Prot. .035 -.517** -.325 -.263 -.682** -.179
Dry Matter .315 .284 .423* .080 .237 .312
Fatty Acids
Acetic .431* .143 .162 -.008 .041 . 0 2 2
Propionic .203 -.092 -.077 -.247 - . 2 1 2 -.181
n-Butyric .177 -.055 -.392* -.268 -.451** -.353*
n-Valeric .237 .258 .157 - . 0 0 2 .026 . 2 1 2
Caproic .298 .164 .227 -.066 .019 .116
Caprylic .339 .261 .349* -.098 .164 .011
Capric .385* .369* .410* .055 .171 .219
Laurie .138 .273 . 2 1 2 -.028 .108 .256
Myristic .175 .279 .267 . 0 1 2 .105 .296
Palmitic .279 .343 .286 -.104 .165 . 2 1 0
Stearic .286 -.045 .060 -.172 -.171 -.208
Amino Acids
Aspartic acid .214 -.375* -.292 -.381* -.594** -.304
Serine .080 -.404* -.488** -.436* -.665** -.431*
Glutamic acid .180 -.181 -.308 -.455** -.488** -.389*
Cystine . 2 0 0 -.173 -.258 -.417* -.472** -.242
Alanine .013 -.319 -.527** -.514** -.612** -.543*'
Valine -.075 - . 2 1 0 -.060 -.123 -.312 .026
Methionine .058 -.182 -.143 -.140 -.454** -.216
Isoleucine . 1 0 0 -.304 -.521** -.386* -.600** -.459*
Leucine .198 -.250 -.379* -.422* -.565** -.426*
Tyrosine .190 -.169 - . 2 2 1 -.315 -.430* -.238
Phenylalanine .261 -.050 -.204 -.235 -.378* -.288
Lysine .218 -.091 .075 -.154 -.169 - . 1 1 1
Ammonia . 197 -.291 -.350* -.357* -.571** -.411*
*Significant at p < 0.05




Beany Flavor Rancid Flavor Acid Flavor
Panel I Panel II Panel I Panel II Panel I Panel II
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Ammonia .036 -.459** -.571** - . 1 0 2 -.455** -.428**
*Significant at p < 0.05


















Moisture .080 -.335 . 0 1 0 -.333 -.099 .260
Fat -.016 .394* -.017 .332 .097 -.244
Titr. Acid -.471** -.145 .138 .336 .185 -.384*
pH .352* . 164 -.354* -.478** -,332 .472**
NaCl -.160 ,243 .005 .320 ,103 -.316
Tot. Prot. -.054 .358* .058 .387* .128 -.279
W. Sol. Prot. -.407* -.319 .450** .403* .330 -.494**
Dry Matter -.081 .332 - . 0 1 2 .336 .098 -.258
Fatty Acids
Acetic -.238 .026 . 1 0 0 .462** .254 -.408*
Propionic -.361* -.164 .236 .411* .325 -.433*
n-Butyric -.595** -.364* -.016 .079 .143 -.216
n-Valeric -.239 .003 .140 .300 .323 -.082
Caproic -.273 .169 .135 .468** .192 -.345*
Caprylic -.256 .160 -.055 .279 .086 -.160
Capric -.177 .335 .019 .368* .152 -.262
Laurie -.257 .253 . 0 0 2 .230 .048 -.105
Myristic -.214 .280 .027 .272 .088 - . 1 2 2
Palmitic -.177 .184 -.107 .132 .015 -.077
Stearic -.160 -.227 .125 .346* .253 -.503**
Amino Acids
Aspartic acid -.562** -.450** . 2 0 0 .345* .218 -.484**
Serine -.681** -.535** .073 .084 .069 -.329
Glutamic acid -.697** -.424* -.088 .203 .063 -.357*
Cystine -.635** -.329 -.024 .180 .046 -.371*
Alanine -.726** -.630** -.060 -.041 .032 -.244
Valine -.309 -.179 .267 .207 .014 -.192
Methionine -.346* -.396* .208 .172 .143 -.187
Isoleucine -.692** -.450** -.016 .111 .036 -.295
Leucine -.697** -.498** .024 .154 .105 -.404*
Tyrosine -.599** -.258 .080 .324 .131 -.416*
Phenylalanine -.516 -.319 - . 0 1 0 .268 .099 -.357*
Lysine -.161 -.097 .161 .418* .240 -.550**
Ammonia -.609** -.427* .089 .244 .135 -.493**
*Significant at p < 0.05
**Significant at p < 0.01
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TABLE XXXa
Summary of Analytical Data (Dry Basis) Obtained for Each of 30
Chemical Parameters of Cheese I Stored at 29.4°C and 4.4°C
29. 4°C 4. 4°C
Init. Maximum Difference Maximum Difference
Amt. Amt. Wk.a Amt. Percent Amt. Wk. Amt. Percent
Chem. Comp.b
Fat 53.65 53.61 1 -0.04 -0.07 53.87 5 0.22 0.41
Titr. Acid. 4.35 5.52 2 1.17 26.90 4.79 5 0.44 10.11
NaCl 4.. 54 4.55 1 0.01 0.22 4.53 1 -0.01 -0.22
Tot. Prot. 31.51 31.55 1 0.04 0.13 31.68 5 0.17 0.54
W. Sol. Prot. 2.44 16.13 3 13.73 572.08 10.34 6 7.94 330.83
Dry Mattgr) 47.12 48.85 3 1.73 3.67 47.60 5 0.48 1.02Wet Basis)
Fatty Acidsc
Acetic 86 145 3 59 68.60 95 4 9 10.47
Propionic 18 43 3 25 139.89 29 4 11 61.11
n-Butyric 22 43 2 21 95.45 22 4 0 ...
n-Valeric 33 64 2 31 93.94 32 4 -1 -3.03
Caproic 324 570 3 246 75.93 463 5 139 42.90
Caprylic 213 343 1 130 61.03 215 4 2 0.94
Capric 362. 473 3 111 30.66 408 4 46 12.71
Laurie 363 509 2 146 40.22 370 6 7 1.93
Myristic 1018 1537 2 519 50.98 1091 6 73 7.17
Palmitic 2940 4233 2 1293 43.98 2887 1 -53 -1.80
Stearic 1605 2332 2 727 45.30 1703 5 98 6.11
Amino Acidsd
Aspartic acid 35 189 3 154 440.00 75 3 40 114.29
Serine 33 228 2 195 590.91 69 5 36 109.09
Glutamic acid 80 631 3 551 688.75 163 3 83 103.75
Cystine 210 1681 2 1471 700.48 419 2 209 99.52
Alanine + 60 3 + EP • • « • • *
Valine 43 178 1 135 313.95 72 6 29 67.44
Methionine + 86 3 • • • • • • + EP ft O • • * *
Isolaucine + 49 2 --- --- + EP . • »
Leucine 62 923 3 861 1388.71 126 5 64 103.23
Tyrosine + 283 2 • • • . , • 75 5 ... ...
Phenylalanine! + 162 3 ... • • • 2 5 o . . • • •
Lysine 9 155 3 146 1622.22 37 5 28 311.11
Ammonia 89 271 3 182 204.49 88 5 -1 -1.12
aWk. : weeks of storage of cheese required to attain maximum value
^Chem. Comp. : amounts expressed as grams/100 grams dry matter
cFatty Acids : amounts expressed as micromols/100 grams dry matter
^Amino Acids & Ammonia : amounts expressed as milligrams/100 grams drymatter
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TABLE XXXIa
Summary of Analytical Data (Dry Basis) Obtained for Each of 30
Chemical Parameters of Cheese II Stored at 29.4°C and 4.4°C
29.. 4°C 4. 0 n
Init. Maximum Difference Maximum Difference
Amt. Amt. Wk. a Amt. Percent Amt. Wk. Amt. Percent
Chem. Comp.*3
Fat 51.25 51.34 3 0.09 0.18 51.25 1 0.00 0.00
Titr. Acid. 4.43 5.20 2 0.77 17.38 4.83 3 0.40 9.03
NaCl 4.61 4.54 1 -0.07 -1.52 4.62 3 0.01 0.22
Tot. Prot. 31.72 31.96 3 0.24 0.76 32.75 5 1.03 3.25
W. Sol. Prot. 2.28 14.56 3 12.28 5.39 9.58 6 7.30 3.20
Dry Matter) Wet Basis) 44.23 46.28 3 2.05 4.63 44.79 6 0. 56 1.27
Fatty Acidsc
Acetic 70 115 2 45 64.29 99 3 29 41.43
Propionic 13 26 3 13 100.00 21 4 8 61.54
n-Butyric 18 39 2 21 116.67 18 4 0 • * •
n-Valeric 29 44 2 15 51.72 65 4 36 124.14
Caproic 300 420 2 120 40.00 427 3 127 42.33
Caprylie 151 216 1 65 43.05 192 3 41 27.15
Capric 318 3 56 3 38 11.95 387 1 69 21.70
Lauri c 347 410 2 63 18.16 374 4 27 7.78
Myristic 974 1070 1 96 9.86 1097 4 123 12.63
Palmitic 2811 3224 1 413 14.69 2958 4 147 5.23
Stearic 1534 1820 1 286 18.64 1701 4 167 10.89
Amino Acids^
Aspartic acid 25 168 3 143 572.00 88 4 63 252.00
Serine 34 217 3 183 538.23 59 4 25 73.53
Glutamic acid 106 597 3 491 463.21 155 4 49 46.23
Cystine 209 964 3 755 361.24 364 5 155 74.16
Alanine + 35 2 ... ... + EP ■ • • • • •
Valine 55 127 3 72 130.91 291 6 236 429.09
Methionine 13 60 3 47 361.54 82 6 69 530.77
Isoleucine + 65 3 ... + EP --- ---
Leucine 42 663 3 621 1478.57 78 5 36 85.71
Tyrosine 14 244 3 230 1642.86 86 6 72 514.28
Phenylalanine 2.1 168 3 147 700.00 24 5 3 14.29
Lysine 5 14 2 9 180.00 9 3 4 80.00
Ammonia 55 246 3 191 347.27 129 2 74 134.55
aWk. : weeks of storage of cheese required to attain maximum value
kchem. Comp. : amounts expressed as grams/100 grams dry matter
cFatty Acids : amounts expressed as micromols/100 grams dry matter
^Amino Acids & Ammonia : amounts expressed as miliigrams/100 grams drymatter
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TABLE XXXIla
Summary of Analytical Data (Dry Basis) Obtained for Each of 30
Chemical Parameters of Cheese III Stored at 29.4°C and 4.4°C
29. u0■3* 4. 0 n
Init. Maximum Difference Maximum Difference
Amt. Amt. Wk. a- Amt. Percent Amt. Wk. Amt. Percent
Chem. Comp.b 
Fat 47.52 46.81 1 -1.00 -2.10 47.60 3 0.08 0.17
Titr. Acid. 4.45 5.46 2 1.01 22.70 4.95 5 0.50 11.24
NaCl 5.02 4.98 1 -0.04 -0.80 5.01 1 -0.01 -0.20
Tot. Prot. 32.33 32. 51 1 0.18 0.56 32.91 6 0.58 1.79
W. Sol. Prot. 2.21 15.07 3 12.86 581.90 10.50 6 8.29 375.11
Dry Matter) 38.85 41.20 3 2.35 6.05 39.53 6 0.68 1.75Wet Basis)
Fatty Acidsc 
Acetic 56 77 2 21 ' 37.50 51 3 -5 -8.93
Propionic 18 29 2 11 61.11 19 4 1 5.56
n-Butyric 15 34 2 19 126.67 23 3 8 53.33
n-Valeric 26 35 2 9 34.62 22 4 -4 -15.38
Caproic 251 302 1 51 20.32 281 1 30 11.95
Caprylie 121 149 1 28 23.14 141 1 20 16.53
Capric 222 281 1 59 26.58 266 1 44 19.82
Laurie 226 299 2 73 32.30 332 6 106 46.90
Myristic 671 805 2 134 19.97 893 6 222 33.08
Palmitic 2335 2512 1 177 7.58 2929 6 594 25.44
Stearic 1213 1325 1 112 9.23 1623 6 410 33.80
Amino Acids^
Aspartic acid[ 34 171 3 137 402.94 90 6 56 164.71
Serine 41 318 3 277 675.61 97 6 56 136.59
Glutamic acid[ 103 311 2 203 201.94 176 1 73 70.87
Cystine 181 867 3 686 379.01 312 6 131 72.38
Alanine + 96 3 ... + EP • ■ »
Valine 63 144 3 81 128.57 141 6 78 122.81
Methionine 17 75 2 58 341.18 51 5 34 200.00
Isoleucine + 48 3 ... + EP
Leucine 28 829 3 801 2860.71 94 5 56 235.71
Tyrosine + 66 2 • « • * ® • + EP ... - • •
Phenylalanine! + + EP + EP
Lysine + + EP 13 1 --
Ammonia 47 271 3 224 467.60 111 6 64 136.17
aWk. : weeks of storage of cheese required to attain maximum value
bchem. Comp. : amounts expressed as grams/100 grams dry 'matter
cFatty Acids : amounts expressed as micromols/100 grams dry matter
^Amino Acids & Ammonia : amounts expressed as milligrams/100 grams dry matter
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